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ROLE OF CARBOHYDRATES IN FORMATION OF 
OIL AND BITUMINOUS COALS! 


E. BERL? 
Pittsburgh, Pennsylvania 


ABSTRACT 

The writer, with the help of capable collaborators, has studied the conversion of 
carbohydrates and lignin derivatives. It has been found that lignin and its derivatives 
play a réle only in the formation of lignites. Oil and bituminous coals are formed mostly 
from the carbohydrate content of plant materials. It has been found that the conversion 
of algae into the so-called ‘‘protoproduct” can be carried out very easily in the presence 
of alkaline-reacting material like limestone. Ammonia formed during the decomposition 
from albumens acts like limestone. By further removal of oxygen by the process of intra- 
molecular combustion or by hydrogenation, for instance in presence of bi-valent iron, 
materials containing less oxygen with asphalt-like properties are obtained. Further 
removal of oxygen by cracking or hydrogenation leads to oxygen-free hydrocarbons in 
which aliphatic, hydroaromatic, and aromatic hydrocarbons can be found. During this 
conversion methane and its homologues are formed. : 

Experiments have shown that algae and other carbohydrate-containing materials 
and the so-called protoproduct react with gypsum under formation of calcium sulphide 
which upon hydrolysis forms lime and hydrogen sulphide. Lime furnishes the necessary 
alkaline reaction for the conversion of carbohydrate material into its conversion prod- 
ucts. Hydrogen sulphide acts as a hydrogenating agent with formation of sulphur. 

It seems that for the first time the formation of oil-like and bituminous coal-like 
material could be carried out in the laboratory in just the same way as nature produced 
from the same raw material those most valuable end products—crude oil and bitumi- 
nous coals. 

INTRODUCTION 


Unfortunately the writer of this article is a chemist with no geo- 
logical background; therefore, the presentation of experiments and 
deductions from them may not be completely clear to all geologists 
because chemists and geologists speak different languages. But 
finally only those views are correct to which both geologists and 
chemists can adhere. First, experimental facts will be mentioned 
which have been collected during 14 years with a great number of cap- 
able collaborators. In the second part of the paper the necessary con- 
clusions are drawn. 


1 Read before the Association at Chicago, April 11, 1940. Manuscript received, June 
26, 1940. The writer is much indebted to Max W. Ball, past-president of the American 
Association of Petroleum Geologists, who has brought him into contact with this Asso- 
ciation. 
2 Carnegie Institute of Technology. 
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1866 E. Berl 


EXPERIMENTAL FActTs 
FORMATION OF BITUMINOUS COALS FROM CARBOHYDRATES 

The writer has done work in the field of cellulose for more than 35 
years. He had the idea, as other people had before him, that possibly 
carbohydrates, of which cellulose is only one important representative, 
may be the source material for bituminous coals and oils.’ First, ex- 
periments were made concerning the formation of bituminous coals. 
At this time the idea prevailed that bituminous coals were formed 
from the lignin content of plants and not from their carbohydrate con- 
tent (Table I). The so-called bitumen which is so important for the 


TABLE I 
OLDER THEORY 


Plant material 
Cellulose Lignin Fat and waxes 


Destroyed by Peat 
bacteria 
Lignites Bitumen 
Bituminous coals 
Anthracites 


technical qualities of bituminous coals was said to have been formed 
from fats and waxes because the defenders of the lignin theory knew 
that lignin and its decomposition products form very little, if any, 
bitumin during incoalification (Fig. 1). It was shown by us that these 
views are wrong, that carbohydrates, especially cellulose, are the par- 
ent material, and that, under geochemical conditions, cellulose and 
other carbohydrates like starch or glucose can be converted into 
different bituminous coal-like substances (Table II). Lignin and its 
transformation products are parent materials of lignites which also 
may contain rather large amounts of carbohydrate conversion prod- 
ucts (Table III). Fusain also is derived from lignin. If during a cer- 
tain period of incoalification of carbohydrates, for example cellulose, 
the pH value—the acidity or alkalinity value—is on the acid side, 
3 For asphalts and oil see especially: 


F. D. Haseman, “The Humic Acid Origin of Asphalt,’’ Bull. Amer. Assoc. Petrol. 


Geol., Vol. 5», No. 1 (January-February, 1921), pp. 75-79. 
, “Origin and Environment of Some Sediments of Petroleum Deposits,” 


ibid., Vol. 14, No. 11 (November, 1930), pp. 1465-68. 


CARBOHYDRATES IN OIL AND COALS 1867 


then coals result which give a sandy coke. If the px value is on the 
alkaline side, in other words greater than 7, residual coal is formed 
coming partly from cellulose which never went through a water-solu- 
ble stage (Table IV). A large quantity of bitumen is formed also. This 
bitumen, soluble in solvents, was formed from water-soluble trans- 
formation products of cellulose. It has the right quality for coking 


Fic. 1.—Coal (left) and coke (right) formed experimentally from lignin humic 
acids. Natural size. 
coal since it decomposes before it distills off (Table V). The highly 
viscous, high-boiling decomposition products cement the residual par- 
ticles together with the formation of hard or porous coke. If the forma- 
tion of gas from the decomposition of bitumen and residual coal takes 
place during the plastic stage through which coal passes if heated to 
higher temperatures, then porous coke results (Fig. 2). If the gases 
are formed before or after the plastic stage is reached, a hard dense 
coke is formed. 
TABLE II 
WrITER’s THEORY 


Plant material 
free or poor in 
lignin 


Cellulose” content 


Water-soluble Water insoluble 
sugars incoalification products 


Neutral Alkaline 
reaction reaction 


Levoglucosan Saccharinic 
acids (lactic acids?) 


Bitumen Bitumen 
(Boiling point (Boiling point 
below decompo- above decompo- v 
sition point sition point) Residual coal 
Soluble in organic solvents (Insoluble in organic 
like tetraline solvents 


Bituminous coals 
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TABLE IV 

Ph VALUES 
Saturated Ca(OH)s 12.7 
Saturated Mg(OH)> 
CaCO;—saturated 9.6 
MgCO;—precipitated 9-3 
Dolomite 9.6 
Na—permutite 9-7 
Ca—permutite 8.5 
Ca—permutite+ NaCl 5-4 
CaCl,—solution 4.8 


Fic. 2.—Coke formed experimentally from coalification of saccharinic acid. 
Natural size. 


INFLUENCE OF pH VALUE ON FORMATION OF PROTOPRODUCT 


The remarkable result was found that by increasing the quantity 
of alkaline-reacting substances, such as limestone, magnesite, or 
zeolites, during incoalification the formation of residual coal is de- 
creased until practically only bitumen which we call protoproduct is 
formed from intermediate products which have the so-called saccha- 
rinic acid composition (Tables VI and VII). The carbon content of 
these carbohydrates rises from 40 or 44 per cent to about 70 per cent 
which we find in cellulose humic acids which are intermediary prod- 
ucts in the formation of the protoproduct with about 76-80 per cent 
carbon (Table VIII). The whole incoalification process is an intra- 
molecular combustion. Carbon dioxide, water, and methane, and its 
homologues are formed by a rather strong exothermic reaction (Table 
IX). It is important to note that methane can be observed as soon as 
the carbon content of the incoalified substances increases. It was also 
found that this protoproduct by further intramolecular combustion 
with a reduction of bound oxygen content can be converted into an 
asphalt-like material with about 82-86 per cent of carbon. By further 
intramolecular combustion the oxygen disappears completely. Crude 
oil with 85-91 per cent of carbon is formed. It contains the same chain 
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TABLE VI 
INFLUENCE OF pH VALUE ON FORMATION OF PROTOPRODUCT 
Original Material Temperature Final Product 
Material Added B=Bitumen 
24 Cellulose Comparatively large 250-330 B viscous 
amounts of alkaline- 
reacting material, as 
CaCO;, dolomite, 
NH,OH, NH,SH 
25 Cellulose FeS 300-400 B viscous 
26 Cellulose FeS 210-230 B viscous 
27 Cellulose FeCO; 210-230 B viscous 
28 Cellulose Permutite 300-350 B viscous 
29 Cellulose Basic rocks 300-350 B viscous 
30 Cellulose H,0, Fe(OH)2 300-350 B viscous 
31 Cellulose 315-330 B viscous 
32 Cellulose HO, Ni-acetate 315-320 B viscous 
33 Cellulose humic acids H:0 340 B viscous 
34 Saccharinic acid H,0 340 B viscous 
35 Lactic acid HO 340 B viscous 
TABLE VII 
INTERMEDIATE Propucts: SACCHARINIC Acips AND Lactic 
CH.0H CH.0H 
CHOH CHOH CHOH 
CHOH CHOH COOH 
| | CHs CH,OH 
CHOH Ne 
OH OH | 
O COOH COOH COOH 
VA 
ic 
Glucose Saccharinic acids Lactic acids 
TABLE VIII 
PROTOPRODUCT 


78% C, 12% He, 10% O2 
30.0% phenolcarboxylic acids 


4-5% phenols 
63.5% neutral substances 


hydrocarbons, naphthenes, and aromatics with aliphatic side chains 
as natural crude oils (Tables X and XI). 
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TABLE IX 


INCOALIFICATION EQUATIONS 
Equation for conversion of cellulose into bituminous coal-like material 
4CsHi00;= CHa+ 10H,0+356 K cal 


Without heat losses through conductivity and radiation 1480°C. 
would be reached. 


Equation for lignin incoalification 
2C29H2}07= cal 
Increase in temperature during lignin incoalification+22°C. 


TABLE X 


COMPARISON OF PROPERTIES OF NATURAL AND ARTIFICIAL MINERAL OILS 


Property 
Color 
Olefines content 


Aromatics content 


Naphthenes content 


Aliphatics content 


Mineral Oil 
Natural 


Brown fluorescent 


Small, increases with in- 
creasing boiling point 
Increases in higher boiling 

fractions 

Pennsylvanian Moreni 

Gasolene 5.5% 11% 

Kerosene 13.0 39 

Gas oil 41.0 82 
Maximum at 122-150°C. 
(Sacchanen Wirebienz) 
Maximum in lower- 

boiling fractions 


TABLE XI 


Mineral Oil Made from 
Carbohydrates 
(Hydrogenation Product) 
Brown fluorescent: green to red- 
dish brown 
Small, increases with increasing 
boiling point 
Increases in the higher-boiling 
fractions 
up to 100°C. 9.8% 10.1% 
21.25 23.3 
up to 100°C. 
atr6mm. 48.2 61.0 
Maximum 100-150°C. 


Maximum in the lower- 
boiling fractions 


CHEMICAL PROPERTIES OF ARTIFICIAL MINERAL OILS 


Oil 


Fraction up to 100°C. 0.7059 2.8% 
Fraction up to 100-150° 0.7755 2.4 
Fraction up to 100°C. at 
16 mm. 0.8671 7.2 
Fraction up to 100-150° at 
16 mm. 0.9602 32.0 
Fraction up to 200°C. at 
16 mm. 0.9950 32.0 
B 
Spec. Olefines 
Oil Weight (85% 
20°C. H2S0,) 
Fraction up to 100°C. 0.716 1.12 
Fraction up to 100-150°C. 0.781 2.0 


A 


Specific Acid Con- 
Weight stituents 


Ratio: 
Carbon- Gram-Atoms 
Hydrogen H to 


at 16.5°C. 10% NaOH Analysis Gram-Atoms 
Cc 


%C 


Fraction up to 100°C. at 


16 mm. 


0.871 8.0 


85.63 14.26 2.00 
86.20 13.61 1.9 
85.19 12.00 1.69 
87.76 10.09 1.38 
88.63 9.77 
Percentage 
Aromatics Aliphat- Naph- 
(H2S04, ics thenes 
9.8 63 26.08 
46.4 30.35 
48.2 _ 
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ASPHALTS AND JET 


The intermediately formed asphalt-like material has exactly the 
same properties as natural asphalt, for instance, Trinidad asphalt 
(Table XII). These natural and carbohydrate asphalts can be con- 


TABLE XII 
CoMPARISON OF PROPERTIES OF NATURAL AND ARTIFICIAL ASPHALTS 
Asphalts produced 
Natural Asphalts from Cellulose 
Appearance Dull brown-black to glossy | Glossy black, brown-black on 
black rubbing 
Fracture Conchoidal Conchoidal 
Hardness 1-3 (Mohs) 2 
Softening point 30-90° 60° 
Specific gravity I.05-1.30 1.156 
Solubility Easily soluble in CS:, CCl, Easily soluble in C2H2Ch, 
CsHs; sparingly soluble in CCh, sparingly soluble 
acetone, ether in acetone, ether 
Extraction: 
Petrol ether Malthene 50-75% 63.8% 
CS, Carbene 1-2% 7.5% 
CCk Asphaltene 1-17% 20% 
Residue Non-bituminous Brown-black 
Elementary analysis 86.3% C 89% C 
9-3% He He 
4% 3-3% Oz 
0.2% Ne 
Fluorescence In acetone: brown-greenish Yellowish-brownish green 


fluorescent 


fluorescent 


verted into oxygen- or sulphur-free hydrocarbons with the help of 
cracking or hydrogenating processes (Figs. 3, 4, 5 and Table XIII). 


TABLE XIII 


HypDROGENATION OF NATURAL TRINIDAD ASPHALT (HyDROGEN-CARBON Ratio, 
SuLpHuR CONTENT, UNSATURATED COMPOUNDS) 


Fraction H %S Unsaturated 
20-105°C. 2.43-2.0:1 o-1.6 
100-150°C. 1.94-1.77:1 2.2-3.5 
151-230°C. 1.74-1.62:1 0.1-0.09 
231-300°C. 1.56:1 0.22 3-6 
Above 300°C. £4054 0.51 30 


S in original asphalt: 4.15% 


Oxygen or sulphur in these asphalts is converted into carbon dioxide, 
water, hydrogen sulphide, and organic sulphur compounds. The same 
classes of hydrocarbons which one finds in crude oil—aliphatic satu- 
rated hydrocarbons, naphthenic and aromatic hydrocarbons—result, 
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The same results were obtained with the mineral—jet—which the 
writer obtained from his friend, Cunningham Craig (Table XIV). This 


240 


220 
| Distillate 


200 


°C 


ATRINIDAD 
6o 
a ASPHALT —> 

/ A Cracked Distillate 


Per Cent of Total Volume 
20 40 60 80 100 


Fic. 3.—Distillate and cracked distillate from Trinidad asphalt. 


100 
TRINIGAD ASPHALY’ 
A |Z 
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SOLS 
475° 
30 = A ‘430° 
Distillation Temperature ° 


30 100 150 200 250 300 350 
Fic. 4.—Hydrogenation products of Trinidad asphalts. 
material behaves like the protoproduct and asphalt. Upon cracking or 


hydrogenation it gives the same end products as those materials. Jet 
seems to be a somewhat more strongly dehydrogenated protoproduct. 
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| 
wo RINIDAD ASPHALT. 
Hydrocarbons from the Hydrogenation 

140 
#0 5 | 

Heptane 

4 

/ Pentane 
20 | com-Distillate 

0 20 30 40 


Fic. 5.—Hydrocarbons from hydrogenated Trinidad asphalt. 


TABLE XIV 
COMPARISON OF HyDROGENATED PROTOPRODUCT AND HyDROGENATED JET 
Protoproduct Jet 
100 g. protoproduct+ 79 g. jet+10 g. Ferrum 
10 g. Ferrum red+ red+ 200 g. Hx0+-105 Atm. He 
5 g. iodine, 102 Atm. H: 25 min. at 420°-426°, then 
21.5 hrs. at 410° to 430° 2 hrs. at 480°-490° 
Characteristics Not very viscous, greenish Not very viscous, greenish 
red, fluorescent, benzene- red, fluorescent, benzene- 
like odor, pleasant like odor, pleasant 
Boiling begins at 45° 60° 
Specific gravity (20°) 0.8679 0.9446 
Fractional distillation Fraction up to 100° 0.6956 0.72 
Fraction up to 100°-150° 0. 7821 0.797 
Specific gravity (20°) Fraction up to 100° 0.8739 0.888 
(16 mm. pressure) 
Composition 
Olefines 4.6% 7.8% 
Fraction 100°-150° } Aromatics 23.3% 34.0% 
(normal pressure) _) Aliphatics 36.6% 8.2% 
Naphthenes 35-5% 
Fraction 150°-200° 
Fraction up to 100° fOlefines 8.5% 20.0% 
(16 mm. pressure) |Aromatics 61.5% 57.1% 


ALGAE AND SEAWEED AS PARENT MATERIALS 


Another progress was made by submitting algae and seaweed to a 
similar treatment. We used dried algae which contain a rather large 
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amount of proteins. Ammonia is formed through the heat decomposi- 
tion of these proteins. The carbohydrates in these algae are lower 
molecular than cellulose. They swell more strongly in water than 
starch, especially if the water contains some limestone. Upon heating 
one obtains with or without additional limestone the protoproduct 
with a carbon yield of more than 50 per cent. This conversion can be 
made in a shorter time and at a lower temperature than is the case 
with fibrous cellulose. There is little doubt that the decomposition proc- 
ess is practically the same. Water-soluble carbohydrates are formed 
which in the presence of an alkaline medium are converted into sac- 
charinic acid-like substances which without any alkali addition give a 
most wonderful bitumen. 

Another important series of experiments was carried out with these 
algae. The incoalification was made in the presence of gypsum. We had 
previously made experiments with cellulose and gypsum and with 
bitumen and gypsum. It was found that two very interesting processes 
take place: one, whereby gypsum oxidizes part of the organic material 
with the formation of calcium sulphide. Under the conditions of our 
experiments calcium sulphide is hydrolized, and forms lime and hydro- 
gen sulphide which acts as a reducing agent. A very fluid bitumen and 
sulphur are formed. These experiments show that the existence of 
sulphur near oil fields may be connected with the formation of oil. 
Hydrogen sulphide is an excellent hydrogenating agent, forming hy- 
drogenated products and free sulphur. 


FORMATION OF GAS 


During all these different transformation stages gas is formed 
which, as mentioned before, contains, besides carbon dioxide, large 
amounts of methane and in some cases its homologues. Asphalts and 
asphaltic oils upon further deoxidation (desulphuration) form ‘“wet’’ 
gases. Carbon dioxide disappears by solution in water or by the for- 
mation of water-soluble calcium bicarbonate. This produces the very 
important erosion whereby the pore space which is occupied by oil is 
enlarged. This conversion of formerly insoluble limestone into water- 
soluble calcium bicarbonate is responsible for the losses in oil caused 
by breakage of the sealing strata. 


FORMATION OF SULPHUR- AND NITROGEN- 
CONTAINING MATERIALS 


These incoalification experiments allowed the formation of nitro- 
gen- and sulphur-containing material starting from carbohydrates. 
Sulphur can be introduced rather easily into the transformation prod- 
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ucts if the incoalification occurs in the presence of sulphur-containing 
proteins and limestone or sodium sulphide. When they reach the 
asphalt stage, they are identical with naturally uccurring sulphur-con- 
taining asphalt. Upon cracking and hydrogenation no sulphur can be 
found in the lower-boiling fractions. The higher-boiling fractions con- 
tain some sulphur but less than the starting material. In the presence 
of ammonia, nitrogen can be introduced into the conversion com- 
pounds of carbohydrates. The nitrogen is bound in rings. We have 
isolated pyridine and chinoline. One can easily introduce nitrogen and 
sulphur at the same time by carrying out the incoalification in the 
presence of ammonium sulphide. 
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% Solid Material in Solution 
Fic. 6.—Adsorption of different substances on peat. 


ADSORPTION PHENOMENA 


Another series of experiments was devoted to the study of ad- 
sorption phenomena. The opponents of the carbohydrate theory for 
the formation of bituminous coal and oils state that water-soluble 
carbohydrates like dextrose must dissolve in and disappear with the 
flowing water. We found that those substances in question (carbo- 
hydrates and their transformation products) are strongly adsorbed by 
solid materials, such as peat. Figure 6 shows this very interesting 
phenomenon. 

Other adsorption experiments were made to determine the réle of 
source and reservoir rocks in the preferred adsorption of certain carbon 
compounds. Activated carbon, silica gel, and precipitated limestone 
were used in the experiments. In the first two cases preferred adsorp- 
tion of aromatic hydrocarbons and of unsaturated aliphatic hydro- 
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carbons was observed. Naphthenic and saturated aliphatic hydro- 
carbons are not adsorbed preferentially. Underground a kind of 
activated carbon may be formed through processes from which dark, 
oily shales result. This natural carbon acts in a similar but much less 
efficient way than the activated carbon which was used. The experi- 
ments show two important facts: (1) under certain conditions aromat- 
ic hydrocarbons will be separated from saturated aliphatic hydro- 
carbons and from saturated ring hydrocarbons by adsorption; (2) 
unsaturated aliphatic hydrocarbons react in the adsorbed state with 
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Fic. 7.—Decomposition of Ramie cellulose at different temperatures 
(low charging density). 


greater speed with the formation of naphthenic hydrocarbons with 
aliphatic side chains. The writer believes that these adsorption phe- 
nomena underground play a very great rdle. 


INFLUENCE OF TEMPERATURE ON DECOMPOSITION 
OF CARBOHYDRATES 


In other series of experiments the speed of decomposition of cellu- 
lose as a function of temperature was investigated. In careful experi- 
ments (Fig. 7) it was found that the rate of decomposition of cellulose 
doubles when the temperature is increased 9.4°C.; in other words, the 
van’t Hoff law is also fulfilled in these geochemical reactions. This 
intramolecular reaction is strongly exothermic (see Table IX). It ex- 
plains why the geothermic gradient is strongly influenced in those 
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strata where these reactions take place. In reacting strata, 45 feet 
and less per 1°C. temperature differences were observed compared with 
100-132 feet per 1°C. in non-reacting strata. 


INFLUENCE OF CHARGING DENSITY 


Another important fact was found when the influence of the so- 
called charging density was studied. It is the amount of reacting 
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Fic. 8.—Decomposition of Ramie cellulose at different charging densities 
at same temperature. 


material in grams contained in a unit volume (cubic centimeter). This 
charging density is known to those who have worked in the field of 
explosives. We have found that by increasing the charging density of 
cellulose from .o2 to .2 the speed of the decomposition reaction in- 
creases 16 to 20 times (Fig. 8 and Table XV). The same effect would 
be obtained by increasing the temperature about 40°C. These experi- 
ments show the great influence of pressure. In this case pressure is 
exerted by the gases formed which, as we could observe, react after 
having reached a certain stage under formation of solid or liquid ma- 
terials with higher carbon content. Pressure therefore strongly influ- 
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TABLE XV 
EFFEcT OF INCREASING CHARGING DENSITY ON HEAT DECOMPOSITION OF CELLULOSE 


Cellulose Heated 130 Minutes at 250°C. in Closed Glass Vessels 


Charging density g. per cu. cm. .032 .I -207 .65 
%C 45-5 53-0 68.0 70.5 
Charging Density Time of Heating ss Os % Cin Final Product 
22 130 minutes 250 67.5 
-654 72 minutes 250 67.5 
Cellulose Heated 18 Days at 175°C.—Properties of Endproducts 
Sealed capillary 55.2% Ccorrespondsto Material has lost its fiber structure, 
6H 603.09 is hard, dark, and brittle. Forma- 


tion of tar 


Non-sealed capillary 46.6% Ccorrespondsto Material shows fiber structure, less 
604.55 dark, no formation of tar 


ences the speed of the chemical decomposition reaction. This increase 
in the speed of reaction (16-20 fold), corresponding to 40°C. increase 
in temperature, explains important geochemical happenings. The in- 
fluence of thrust on the formation and the nature of oils and of bitu- 
minous coal finds an experimental explanation. We can now explain 
why, through the increase in pressure by folding and faulting of 
mother and reservoir rocks, oils become lighter. The intramolecular 
combustion reactions which in the end eliminate bound oxygen from 
the protoproduct, the asphalts and the asphaltic oils, occur much 
quicker with this high charging density. But there is no chemical and 
thermodynamical evidence that aromatic hydrocarbons are decom- 
posed by high pressure under formation of methane and of hydro- 
carbons low in hydrogen content. 

This influence of charging density may also increase the amount of 
adsorption which was already mentioned. We have reason to believe 
that in the chemistry of coal the adsorption of bitumen by the residual 
coal is of greatest importance on the properties of the coal itself. 


ROLE OF SOURCE AND RESERVOIR ROCKS 


Source rocks as well as the reservoir beds are very important for 
the formation and transformation of oil hydrocarbons. Rocks con- 
taining bi-valent iron, vanadium and nickel compounds play a certain 
réle in the dehydrogenation and hydrogenation processes which take 
place in nature. Most of the mother and reservoir rocks like limestone, 
dolomite, magnesite, clay, and sand, are hydrophilic minerals. They 
contain in their finest pores hydrophobic materials which, according to 
our views, were produced from originally hydrophilic carbohydrates 
and saccharinic acid materials. The writer believes that the small 
amounts of oxygen-containing compounds which we find in crude oil 
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which represent lower phenols, alcohols, and acids may play an im- 
portant réle during the migration of the oil. They wet the hydrophilic 
rocks better than is the case with the hydrophobic hydrocarbons. 


MIGRATION 


The writer does not wish to discuss here the question of migration 
which, as we know, is somewhat disputed. It is of some interest to 
state that, according to what we know now, by the conversion of 
carbohydrates a highly viscous material is formed. This upon further 
influence of heat—partly caused by the exothermic character of de- 
oxidation reactions (forming CO, and H20) and of hydrogenation 
reactions—is converted into less viscous material which can travel 
much more easily than the highly viscous, higher molecular material 
which is more strongly adsorbed on source beds than the resulting 
lower molecular material. 

CONSEQUENCES 
LOW TEMPERATURE OF FORMATION 


Now to the consequences of these and other experiments. There is 
no doubt that tremendous amounts of oil are underground which 
could have been formed only from a parent material which was present 
in practically unlimited quantities. Carbohydrates represent this 
material which nature formed and forms in the greatest amount from 
carbon dioxide and water through the sun energy, using in many cases 
chlorophyl. Chlorophyl dyestuffs, which are quickly destroyed at 
temperatures over 200°C. and especially easily in the presence of 
oxygen, can be found in all asphalts and in most oils. This shows that 
the temperature of formation of these substances must have been 
below 200°C. and that oxygen did not react at elevated temperatures. 
The demand for a raw material present in unlimited quantities ex- 
cludes, so to speak, the now obsolete fish theory. Carbohydrates have 
to be considered for other very important reasons. 


FORMATION OF RING COMPOUNDS 


The writer does not know of any other parent material besides 
carbohydrates which can be converted so easily at rather low tempera- 
ture into substances which upon further intramolecular reactions or 
hydrogenation form oxygen-free hydrocarbons of the aliphatic, 
naphthenic, and aromatic types. The low temperatures which have to 
be considered for the removal of bound oxygen from the parent ma- 
terial are not high enough to form aromatic ring compounds which we 
find in asphalts and in many crudes from chain hydrocarbons (paraf- 
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fines. Figs. g and 10). The rings, therefore, must have already been 
formed when the parent material was converted into oxygen-contain- 
ing protoproducts. Figure 11 shows this conversion. We have suc- 
ceeded in producing from cellulose CP hexane and a paraffine which, 
according to Table XVI, has exactly the same properties as natural 
paraffine. We have furthermore isolated alcohols (CisH370H), lower 
fatty acids (HCOOH, CH;COOH, C;H;COOH) and terpene-like sub- 
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Fic. 9.—Conversion of condensed ring compounds at high temperature. 
Formation of aromatic hydrocarbons fomlliheleds constants). 
TABLE XVI 


COMPARISON OF HEXANE AND PARAFFINE (NATURAL AND RESULTING FROM 
CONVERSION OF CARBOHYDRATES) 


Hexane 
Resulting from Conversion 
Natural of Carbohydrates 
Boiling point 69°C. 68-70°C. 
Heat of combustion 11.520 cal./g. 11.650 cal./g. 
Molecular weight 86.1 88.3 
Paraffine 
Resulting from Conversion 
Natural of Carbohydrates 
Melting point 51.0°C. 
Molecular weight 338.4 345-7 
C% 85.10% 84.77% 


H% 14.89% 15-74% 


1 
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stances from these conversion products which are found also in oil- 
well water. The presence of large amounts of aromatic hydrocarbons 
in many crudes (more than 50 per cent in Dutch India crude) has 
to be explained if one wants to accept the fish theory. The saponifica- 
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Fic. 10.—Decomposition and conversion of hydrocarbons (equilibrium constants). 


tion of fats, the decarboxylation of fatty acid at low temperatures 
could be explained, but not the formation of aromatic hydrocarbons. 
The temperature for the conversion of aliphatics into aromatics ac- 
cording to thermodynamic calculation is much above 200°C. which 
has to be considered as the upper temperature limit for the formation 
of oil (see Figs. 9 and 10). 
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IMPORTANCE OF LOCAL CONDITIONS 


The loss of oxygen during the geochemical transformations and the 
many possibilities for internal chemical reactions are of greatest im- 
portance. These processes take different courses if local conditions 
differ. It may be that in geologically older strata the transformation 
may not have progressed as far as in younger strata. The nature of the 
parent material (for instance, if the more reactive hemicelluloses have 
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Fic. 11.—Conversion of carbohydrates into aliphatic, hydroaromatic, 
and aromatic compounds. 


to be converted or the highly polymer stable cellulose), the amount of 
alkali formed from alkaline rocks during the first conversion stages 
into saccharinic acid-like materials, differences in charging density and 
temperature caused by differences in the thickness of the overlying 
layers play a tremendous rdéle. The pressure, as we know now, is of 
greatest importance. Max W. Ball‘ states that certain limestone strata 
are more dense and, perhaps, undergo less pressure than certain sili- 
cate strata in shale deposits. This may explain many open questions. 


4 Personal communication. 
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CONDITIONS OF FORMATION 


The writer believes that the formation of oils can be explained in 
the following way. We have to consider those parent materials which 
are present in large quantities and which are transformed under cer- 
tain geochemical conditions into intermediate products like asphalt, 
asphaltic oils, and then into practically oxygen-free crude oil. Those 
conditions are: increase in temperature caused by the strong exother- 
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Fic. 12.—Conversion of hydrocarbons by dehydrogenation, hydrogenation, 
cracking, and condensation. 
mic character of the conversion and the higher temperature of the 
strata where this transformation takes place, increase in pressure, and 
catalytic influence of certain materials (Fe'!, Ni, Vd, J compounds). 


THERMODYNAMICAL CONDITIONS 


In considering these processes we certainly have to consider 
thermodynamical conditions also. Unfortunately, thermodynamics 
only tells us which processes are possible or not possible without saying 
anything about the probability of such a formation and the influence 
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of time. The writer believes that we have very little knowledge con- 
cerning the influence of those long time periods which have elapsed 
from the time when the parent material was buried to the time when 
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Fic. 13.—Decomposition of hexane into various reaction products as function of 
temperature. Ordinates of individual graphs represent mol percentage of products aris- 
ing from decomposition of 1 mol of heptane at constant pressure of 1 atmosphere. 


we remove the oil from the earth. Certainly oil is not a dead material, 
but continues to react. If we could determine now the exact chemical 
nature of a given crude and analyze it again after 100,000 years, we 
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Fic. 14.—Formation of aromatics and various hydrocarbons as function of tempera- 
ture. Ordinates of individual graphs represent mol percentage of aromatics produced 
by 1 mol of various hydrocarbons at constant pressure of 1 atmosphere. 


certainly would find a different composition. Figure 12 shows the com- 
plicated situation which we find by these intramolecular reactions and 
conversions of different classes of hydrocarbons. Through the research 
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work of H. S. Taylor and F. Turkevich® we know something about the 
thermodynamics of the conversion of hexane intovariousreaction prod- 
ducts as a function of temperature at a pressure of one atmosphere. 
Figure 13 shows something about this situation. Figures 14 and 15 
show data concerning the equilibrium decomposition and conversion 
of different hydrocarbons. We must not forget that we are confronted 
by a complicated system where exothermic hydrogenation, endother- 
mic dehydrogenation, and cyclization of unsaturated hydrocarbons 
take place simultaneously. We know that for the rupture of the car- 
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Fic. 15.—Decomposition of intermediates as a function of temperature. Ordinates 
of individual graphs represent mol percentage of products arising from 1 mol of reac- 
tant at constant pressure of 1 atmosphere. 


bon-carbon bond in aliphatic compounds 71 kilogram calories per mol 
are needed; for the separation of carbon from hydrogen g2 K cals 
per mol are necessary. In aromatic compounds the energy necessary 
to split carbon-carbon links is 96 K cals per mol; the splitting-off 
of hydrogen from aromatic hydrocarbons requires 1or K cals per 
mol. It is important for our consideration that the elimination of 
aliphatic side chains from aromatics and hydroaromatics needs only 
80 K cals. We find aliphatic hydrocarbons in the hydrogenation and 
cracking products of natural asphalts and artificial carbohydrate 
asphalts. To split those long aliphatic side chains into shorter chains 
only 71 K cals are needed. Hydrogenation and dehydrogenation proc- 
esses are connected intimately. The strongly exothermic character of 
the deoxidizing conversion reaction initiatesendothermic reactions. This 
explains the relatively low temperature of formation of oils and coals. 
5 Trans. Faraday Soc., Vol. 35 (1939), p- 921. 
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HYDROGENATION AND METHYLATION 

The question arises as to where the hydrogen for hydrogenation 
processes comes from. First, by the conversion of saturated aliphatic— 
mostly lower hydrocarbons—into olefinic hydrocarbons, hydrogen 
molecules or hydrogen in the more active form as hydrogen atoms are 
formed. The question has not yet been answered if methane itself 
could not serve as a hydrogenating or methylating agent. We know 
that we can convert methane at high temperature by a relatively weak 
endothermic reaction into free hydrogen and radicals which form 
acetylene which upon further exothermic condensation form aromatic 
hydrocarbons. Another possibility for the hydrogenation is, as men- 
tioned previously, the presence of bi-valent iron compounds in mother 
rocks and in reservoir rocks which as we know react easily with water 
with the formation of free hydrogen and tri-valent iron compounds. 
Hydrogen sulphide is a very important source for hydrogen. 


OXIDATION OF ALIPHATIC HYDROCARBONS 

A few words may be said concerning the oxidation of aliphatic 
hydrocarbons. The older opinion was that the asphalts—containing 
aromatic rings with aliphatic side chains—were formed by the oxida- 
tion of oxygen-free, mostly aliphatic hydrocarbons. It is very difficult 
for a chemist to understand that oxygen could be present at depths of 
7,000 and more feet where asphalt and asphaltic oils are found. An- 
other important point is that chemical and thermodynamical consider- 
ations make it quite impossible to accept the belief that aliphatic 
hydrocarbons with long chains can be converted under mild oxidation 
conditions into derivatives of aromatic hydrocarbons. We know that 
we can easily oxidize long-chain aliphatic hydrocarbons to the corre- 
sponding fatty acids but not with the formation of aromatics. These 
ring compounds need for their formation such high temperatures as 
have never been reached during the normal formation of oils. The 
situation may change somewhat if we consider unsaturated aliphatic 
hydrocarbons. But here also the chances for the formation of these 
rather complicated aromatic rings with long aliphatic side chains are 
rather small. 

ASPHALTS AND ASPHALTIC OILS 

We believe, therefore, that most of the asphalts and the asphaltic 
oils are not secondary materials produced by the oxidation of aliphatic 
hydrocarbons. They are products on the way of transformation from 
carbohydrates with about 50 per cent of oxygen to practically oxygen- 
free crude oils. Those asphalts contain approximately 10-14 per cent 
oxygen which without changing their nature may be replaced by 
sulphur. 
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IMPORTANCE OF C02 AND H20 FORMED 
DURING CONVERSION REACTION 

Crude oil formed by nature is the result of very complicated reac- 
tions. The parent materials which, if our views are right, are mostly 
carbohydrates lose oxygen during a complicated process of intra- 
molecular combustion with the formation of carbon dioxide, lower 
fatty acids like formic, acetic, and butyric acid, alcohols (CisH3;0H), 
terpenes, and water. This water which is formed at the same time as 
the oil is, so to speak, connected chemically with oil. It is not always 
necessary that the water found with oil must be water from a foreign 
source. It may be water which has been formed from the oxygen of 
carbohydrates. Together with the carbon dioxide formed it may con- 
vert limestone into soluble calcium bicarbonate and increase by ero- 
sion, as already mentioned, the volume of the pores. 


ROLE OF FERMENTATION 


We know from many chemical reactions that when oxidation re- 
actions take place reduction products must also take place. We are, 
therefore, not astonished that during the intramolecular reactions 
compounds rich in oxygen, like carbon dioxide and water, are formed 
simultaneously with compounds like methane which is the organic 
chemical compound with the maximum of bound hydrogen. We must 
not believe that all methane is a product of fermentation. We are 
entitled to say that fermentation probably plays only a very small 
réle during the formation of oils and coals. We have reasons to believe 
that fermentation is stopped by those products which are formed by 
this fermentation. These products like phenols are bacteria poisons. 
We have found, and this seems to be a very important argument 
against the viewpoint that all carbohydrates are destroyed by fer- 
mentation, that typical cellulose humic acids are not decomposed by 
the same bacteria which easily decompose cellulose; in other words, as 
soon as a certain conversion has taken place, the fermentation will be 
stopped. By the way, fermentation produces material which may also 
be produced by purely chemical reactions. 


GENERAL CONSIDERATIONS 


The writer is somewhat unhappy because he has to bring out 
viewpoints which may not be accepted by those geologists who adhere 
to older opinions. His opinions are based mostly on experiments which 
with one exception—the choice of somewhat higher temperatures 
because our life is too short—are carried out under geochemically 
possible conditions. The deductions from these experiments are also 
based on thermodynamical considerations. 
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The writer believes in the great wisdom of Nature. The viewpoints 
developed in this paper, based on experiments, show that those 
eminent, important raw materials—oil and bituminous coals and 
most of the anthracites—which are indispensable for our civilization 
have been formed from carbohydrates which by their aldehydic 
nature belong to the most reactive materials. This high reactivity 
seems to be important. We must not believe that very stable raw 
materials (lignin) are the source materials for the liquid and solid 
fuels; just the contrary seems to be correct. 

The writer is very much indebted to his collaborators: W. Bem- 
mann, W. Bengerow, H. Biebesheimer, A. Cramer, W. Dienst, H. 
Kappler, H. Keller, H. Koch, W. Koerber, R. Raab, O. Saffe, H. 
Schildwichter, W. Schmid, A. Schmidt. 


SUMMARY OF WRITER’S VIEWS 


Carbohydrates and their derivatives (carbohydrate humic acid and 
algic acid) are the main parent material of bituminous coals, asphalts, 
and oils. 

Carbohydrates and related substances can be converted under 
geochemical conditions existing during certain stages of transforma- 
-tion into these fuels. 

The bitumen of bituminous coals is formed largely from carbo- 
hydrates, and to a much lesser degree from fats, waxes, and albumens. 

Transformation of carbohydrates in a weakly alkaline medium 
(presence of limestone, dolomite, zeolites) yields coking coals; in a 
neutral or slightly acid medium, sandy coals. Larger amounts of OH 
ions form protoproduct (bitumen) from carbohydrates, the parent 
material of asphalts and oils. Practically no residual coal is formed. 

Lignin derivatives are not the chief parent material of bituminous 
coals. Lignites and fusains are partly or wholly derivatives of lignin. 
Bitumen (protoproduct) and its derivatives, asphalts and oils, can 
not be formed from lignin and lignin humic acid. 

There exists no genetic transition of lignin over peat, lignites to 
bituminous coals. 

Asphalts are the parent material of crude oil and not its deriva- 
tives. 

Dead fish are not the main parent material of crude oil. 
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ABSTRACT 


The Wilcox series was initiated approximately 2 years ago as a major, deep objec- 
tive and the drilling campaign continues unabated. The writer endeavors to analyze 
po new data in the light of regional stratigraphy and further evaluation of oil poten- 
tialities. 

A contour map, based on subsea depths to the top of the Wilcox, is offered as evi- 
dence on the regional structure of the series. 

‘Eight electrical-log dip sections, including the Claiborne series in addition to the 
Wilcox, illustrate the electrical character and thickness of the sediments and the relation 
of Wilcox deposition to that of the younger series. Variations in amount and date of 
coastal geosynclinal subsidence are discussed. Possible relations of the basal Claiborne 
or Carrizo formation to the downdip Wilcox sands are considered. Attention is called 
to the local occurrence of a Discocyclina zone which may have a future value in regional 
correlations. Coregraphs and a table of porosities and permeabilities of Wilcox sands in 
several deep wells offer evidence of a downdip economic limit to Wilcox production. 
Other factors of importance in Wilcox prospecting are discussed. 


INTRODUCTION 


The Wilcox group, of early Eocene age, has been recognized and 
studied from outcrop and shallow wells by many writers and the litera- 
ture contains excellent descriptions of its formations which extend 
from Alabama to the Rio Grande. The gulfward dip of the group under 
younger strata has been known since the earliest studies and its sands 
have been sought by the drill at increasingly greater depths since 
shortly after the discovery of petroleum on the Gulf Coast. Rapid 
advancement in deep drilling technique, realization of the importance 
of marine facies, and the stimulation of new, deep, prolific oil produc- 
tion have greatly accelerated downdip drilling during the past 3 years 
and consequently new Wilcox data have been obtained. The purpose of 
this paper is to present some of these and older, related data in an 
attempt to evaluate further the oil potentialities of the Wilcox group, 
already established as an important oil-producing series. 
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GENERAL CONDITIONS OF DEPOSITION 

The Wilcox at the outcrop is characterized by the variability and 
discontinuity of its sediments. It is this heterogeneity which separates 
the group from the older Midway and younger Claiborne shales, and, 
although these boundaries are reasonably distinct, the formations 
comprising the Wilcox group are very difficult to correlate for any 
considerable distance on lithologic characteristics. The prevalence of 
non-marine sediments and consequent lack of widespread marine 
zones complicate.correlations by faunas. 

In Alabama, there was apparently greater stability of the land area 
near the Gulf during Wilcox time than in Mississippi, Louisiana, and 
Texas. The open sea was closer and more accessible to the areas of 
deposition. There are abundant continental-type deposits of sand, 
clay, and lignite but associated with them are prominent, fossiliferous, 
marine marls. These marl zones are sufficiently persistent to permit 
subdivisions of the 600 feet of Wilcox strata into four formations on 
the basis of marine faunas: Nanafalia, Tuscahoma, Bashi and Hat- 
chetigbee, in order of deposition.’ 

As the Wilcox outcrop swings northward from Alabama into the 
Mississippi embayment there is a notable change from a marine to 
non-marine facies with only the Bashi marine zone extending a short 
distance into the state of Mississippi. The Wilcox in Mississippi was 
apparently largely stream-deposited near the sea, under deltaic, 
littoral, and lagoonal conditions,‘ and consists principally of cross- 
bedded sands, clays, and lignite, with here and there a marl deposit. 
This non-marine series has been subdivided entirely on the basis of 
lithologic zones into three formations.*® The lower Ackerman formation 
is composed largely of clay but contains a basal, cross-bedded, sandy 
zone. The middle, sandy formation is called Holly Springs and the 
upper clayey deposits are known as the Grenada formation. The for- 
mation boundaries are transitional and the group averages about 1,200 
feet in thickness. 

The lower two-thirds (?) of the Wilcox group in the Sabine area of 

5 Wythe Cooke, “Geology of Alabama, Cenozoic Formations,” Alabama Geol. Sur- 
vey Spec. Rept. 14 (1926), p. 257. 


*R. E. Grim, “The Eocene Sediments of Mississippi,” Mississippi State Geol. 
Survey Bull. 30 (1936), p. 61. 


5 EF. N. Lowe, “Coastal Plain Stratigraphy of Mississippi,” Mississippi State Geol. 
Survey Bull. 25, Pt. 1 (1933), Pp. 34- 
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Louisiana is composed of heterogenous mixtures of cross-bedded, 
lenticular sands, clays, and lignites—a typically continental facies of 
fluviatile, deltaic, and palustrine origin. The upper third (?) of the 
group contains more regularly bedded sands, clays, and marls than the 
lower part and is near-shore and shallow-water marine in origin. This 
upper, more marine phase has supplied faunas which have been cor- 
related with the Nanafalia and Tuscahoma formations® (Pendleton, 
Marthaville, and Fort Jessup outcrops) and with the Bashi formation 
(Sabinetown outcrop). This correlation leaves only the uppermost 
Alabama formation, the Hatchetigbee, not represented. The lower, 
continental deposits in Louisiana have been designated as the Mans- 
field subgroup by Howe and Garret. They have proposed the use of 
the name Wilcox, with subgroup value, for the upper marine deposits, 
since they believe most of the Alabama Wilcox section is here repre- 
sented. ‘Sabine group” is the name proposed for the series including 
both types of deposit. 

Along the outcrop in Texas the bulk of the Wilcox sediments 
(four-fifths) exhibits a continental facies of coarse, cross-bedded sands, 
fine sands, silt, clay, peat, and lignite such as would be deposited 
along flood plains and in lakes and swamps on a wide flat coastal plain, 
traversed by shifting streams, now aggrading, now degrading, and 
often flooding. These continental sediments are placed in the Rockdale 
formation and are underlain and overlain in places by thin, shallow- 
water marine deposits of thin-bedded, laminated sands and clays, the 
Seguin formation (below) and Sabinetown’ (above). Both formations 
contain marine faunas (macrofaunas have received greatest attention) 
by which the Sabinetown has been correlated with the Bashi of Ala- 
bama. Attention is called to similarities between Seguin faunas and 
Nanafalia faunas of Alabama without making definite correlations. 
Howe and Garrett® present evidence to show that the Pendleton, 
Texas, outcrops, included by Plummer in his Sabinetown formation, 
are approximately 500 feet lower in the section than the Sabinetown 
outcrops, but still above the continental deposits. They have been 
correlated by many geologists with the basal Wilcox (Nanafalia) of 
Alabama. 

The Seguin is commonly interpreted as having been deposited in a 
retreating sea after which continental deposits (Rockdale) were laid 


® Henry V. Howe and Julius B. Garrett, Jr., “‘Louisiana Sabine Eocene Ostracoda,” 
Louisiana State Geol. Survey Bull. 4 (1934), p. 9. 

7™F. B. Plummer, “The Geology of Texas, Cenozoic Systems,” Univ. Texas Bur. 
Econ. Geol. Bull. 3232, Vol. I (1933), Pp. 574. 

8H. V. Howe and J. B. Garrett, Jr., of. cit., p. 8. 
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down on the exposed coastal plain. The Sabinetown was deposited by 
an advancing sea which spread deeper-water deposits over the wide 
coastal plain from which their sediments were partly derived. 

In the Rio Grande basin area the Indio formation® (strata between 
the Midway and Carrizo formations) apparently contains fewer con- 
tinental and more marine sediments than any area of outcrop west of 
Alabama. The bedding is more definite, the texture of the sandstones 
generally finer and fossil zones are more abundant, although lignites, 
cross-bedded sands and gypsiferous shales indicate deposition on the 
landward side of the strand line. 

That correlations from Alabama to Mexico are difficult and not in 
complete accord is illustrated by the fact that the literature can be 
used to show correlations of the Seguin of Texas with the Nanafalia 
of Alabama, the Nanafalia with the upper part of the Sabine River 
section which overlies the Rockdale of Texas and the top of the Rock- 
dale is several hundred feet above the Seguin. Downdip correlations to 
date are equally doubtful, and the subsurface equivalents of the out- 
cropping Wilcox formations difficult to distinguish. 


REGIONAL STRUCTURE AND THICKNESS 


The predominance of the fluviatile, lagoonal, and littoral fea- 
tures of the Wilcox outcrop in deep downdip wells, some of which 
encounter the top of the Wilcox below depths of 10,000 feet, demon- 
strates an exceptionally complete seaward retreat of the strand line 
during this time. Although subjected to.rare marine invasions, the 
Wilcox coastal plain was very wide (100 miles or more at certain 
times), flat, low, and gently inclined. The thickness of the Wilcox 
indicates a gradually subsiding area during Wilcox deposition. At 
times it was slightly more rapid than deposition, permitting marine 
transgressions, and at times it failed to keep pace with abundant 
sediments from the land with consequent temporary filling of areas of 
accumulation. Actual occasional uplift is suggested by unconformities 
in certain areas and may be proved when better correlations are 
established, but, for the most part, periodic subsidence of a flat plain 
with proper climatic conditions offers sufficient explanation of the 
thickness of Wilcox deposits. 

The abundance of coarse, clastic sediments in the Wilcox, in con- 
trast to finer sediments in underlying and overlying formations, lends 
itself admirably to the use of electrical logging devices. In routine 
sample work the Wilcox is recognized by the appearance of coarser 


® A. C. Trowbridge, ‘Tertiary and Quaternary Geology of the Lower Rio Grande 
Region, Texas,” U.S. Geol. Survey Bull. 837 (1932), p. 48. 
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sediments and especially by the abundance of carbonaceous material 
and mica. Regional control is ordinarily supplied by paleontological 
markers of younger strata. 

The contours in Figure 1 are based on the first marked porosity 
(natural potential) indicated by electrical logs, which point ordinarily 
coincides with some drilling-mud invasion of the formation and so 
indicates resistivity as well. In some instances this point is sharply 
delineated and in others there is a transition zone above it in which 
carbonaceous sediments of the Wilcox type are present. Marl beds in 
the lower part of the Reklaw in places cause resistivities near the 
Wilcox beds but they ordinarily fail to show porosity. Obviously the 
contour horizon represents a surface which becomes progressively 
younger toward the outcrop and does not represent an accurate time 
plane. 

The strike of the downdip Wilcox parallels the present coast line 
rather closely with the exception of the Rio Grande and Mississippi 
basins. The San Marcos arch, the East Texas syncline, and the Sabine 
uplift are suggested by strike and dip changes but are not strongly 
reflected by the contour interval used. Several datum values indicate a 
regional, southward-plunging anticline through Grant, LaSalle, and 
northern Rapides parishes which separates the northeast and north- 
west Louisiana salt-dome basins. Synclinal deposition, commensurate 
with subsidence and combined with erosion or less deposition over 
uplifted areas, would tend to maintain a flat surface and obscure older 
structure. The last surface originating in this manner would be sub- 
jected, however, to later movements. 

The shallower.contours (1,000-3,000 feet) are affected more by 
regional structures, whose axes do not parallel the coast, than are the 
deep, indicating that the coastal geosyncline was the controlling 
structural feature toward the gulfward margin of the contoured area. 

The regional gulfward dips on the top of the Wilcox, although 
somewhat variable, average about 150 feet per mile. 

There are few wells at any considerable distance from the outcrop 
which have completely penetrated the Wilcox series. Table I sum- 
marizes total thicknesses and maximum downdip penetrations. 

Although the complete downdip thickness of the Wilcox is un- 
known, it appears reasonable to assume, by analogy with younger Gulf 
Coast formations, that the maximum thickness of the sandy phase 
should be some distance downdip from the outcrop, due to erosional or 
non-depositional thinning near the landward edge and shorter ex- 
posure of the gulfward extremities of deposition to shallow-water and 
continental conditions. It is likely, however, that the total thickness of 
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Fic. 1.—Map of coastal Texas and Louisiana showing location of Wilcox wells, subsea depths to top of Wilcox and 
section positions are indicated by AA, BB, et cetera. Downdip producing areas indicated by solid black circles. 
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all Wilcox sediments increases to the bottom of the coastal geosyncline 
since there is at least Claiborne evidence to show progressive down- 
warping in that direction. 


TABLE I 
Feet 
Well Index — State Depth Wilcox Wilcox 
No. Parish to Pene- Thick- 
Wilcox tration ness 
Miss. Oil & Gas No. 1 Gad- 
dis 9 Hinds Miss. 2,578 2,070 2,070 
Continental No. 2 Singer 54 Madison La. 2,565 1,760 1,760* 
Ark. No. 1 La. Cent. 19 Caldwell La. 2,230 2,230 
Lmbr. 
Woodland No. 1 Tensas 51 _ Franklin La. 3,002 2,625 2,625 
Delta Co. 
Bell Drlg. No. 1 Peck 49 Catahoula La. 3,010 2,015 
— No. 1 Tensas 44 Catahoula La. 3,100 2,660 2,660 
Delta 
Pan-Am. No. 1 Anderson 7 Vernon La. 4,580 1,920 _— 
Post Lmbr. 
No. 2 W. L. 33 Evangeline La. 9,600 1,335 _ 
ate 
Richardson No.1 Heflands 16 Rapides La. 9,510 1,550 _ 
Bateman Drlg. No.1 Mont- 37 West La. 7,690 815 
gomery Feliciana 
California No. 1 Long-Bell 5 Beauregard La. 9,585 980 _ 
Spurger field 73 +«=Tyler Tex. 7,600 1,400 
approx. approx 
Oliphant No. 1 Gibbs 57 San Jacinto Tex. 4,435 1,541 _ 
Gulf No. 2 Ragan 53. Polk Tex. 8,100 1,055 _ 
Gulf No. C-21 Kirby 52 Liberty Tex. 9,050 1,035 _ 
Davis No. 1 McLane 24 Colorado Tex. 9,450 1,047 _ 
Teas No. 1 Grizzard 27 ~+«=~#Fayette Tex 1,490 2,530 2,530T 
Anderson-Pritchard No. 2 10 Bee Tex 7,495 1,705 —t 
Robinson 
Speed No. 1 Makowsky 35 Washington Tex 4,730 765 _ 
Atlantic No. 1 Conwell 20 DeWitt Tex 7,820 700 
Jones No. 1 Geo. West 5 Live Oak Tex. 7,070 3,753 —fT 


* Probably some thinning due to structure. 


+ Includes Carrizo thickness. 


Evidence of downdip strike variations in thickness is scant. The 


outcropping section is known to thin toward Alabama from eastern 
Louisiana and Mississippi and if Howe and Garrett are correct in 
their correlations it takes place by loss of the lower two-thirds and 
largely continental part of the Wilcox section. More than twice the 
total Alabama thickness has been penetrated in several wells below 


9,000 feet. 
CROSS SECTIONS 


Eight regional dip sections comprised of electrical logs of the more 
important wells illustrate some of the known features of the Wilcox 
and also the relations of several younger formations to the Wilcox. 
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The reference datum of these sections is the base of the Yegua for- 
mation and the vertical distance from this datum to the top of the 
Wilcox represents the thickness of the Claiborne group, including the 
Cook Mountain, Sparta, and Cane River formations of Louisiana and 
the Crockett, Sparta, Weches, Queen City, and Reklaw of Texas. The 
Carrizo is placed with the Wilcox for reasons set forth later. In order 
to illustrate as complete a Wilcox section as possible it was necessary 
to use occasional wells located on structure and with faulted sections, 
but they do not seriously affect the regional value of the cross sections. 

The various formations are fairly distinct on the basis of electrical 
characteristics and since the correlations are based largely on these 
features the Claiborne paleontological markers were not added. 

Cross section AA (Fig. 2) in eastern Louisiana, shows several note- 
worthy features aside from details of Claiborne and Wilcox sedimenta- 
tion. 

1. In spite of comparable datum values the Claiborne thickness 
does not increase in a downdip direction as it does farther west. 

2. The sandy Sparta phase persists to greater depths downdip. 

3. The three southernmost wells of the section indicate Claiborne 
thinning toward the southeast. 

These features suggest rather definitely that the Claiborne dep- 
ositional strike was essentially parallel with the north part of the 
cross-section line along the west edge of the Mississippi embayment 
and that near the south part the deposition was controlled as much by 
comparatively stable conditions toward the east and southeast as by 
the coastal geosyncline. A southwestward continuation of the area 
causing the thinner, more marine Wilcox deposits of Alabama would 
afford such an influence on the Wilcox of this area. Subsidence during 
Wilcox time, which accounts for known thicknesses of downdip 
deposits, must have ended with a fairly level plain and much of the 
downwarp necessary to explain present dips must have taken place in 
post-Claiborne time, instead of during Claiborne deposition. 

Section BB (Fig. 3) indicates conditions which ‘are intermediate 
between those of the sections on the east and west. 

1. Definite thickening of the Claiborne toward the coast is present 
although not as abrupt as in areas farther west. 

2. The Sparta sand wedge, with typical thin updip and downdip 
edges, is fairly well developed past the 10,000-foot Wilcox contour. 

3. The Cane River shale zone thickens toward the gulf, except for 
the wells on domal structures, Richardson’s Haas Investment Com- 
pany No. 2 and Continental’s W. L. Tate No. 2. 

4. The Continental’s Manuel No. 1,0n the south edge of the section, 
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Fic. 4.—Section CC, Vernon and Beauregard parishes, Louisiana. Note increase 
in Claiborne thickening rate over that of preceding sections. 
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wells from Segno, Ace, and Cleveland fields are included. 
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Fic. 6.—Section EE, Washington, Colorado, and Waller counties, Texas. 
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Fic. 7.—Section FF, Fayette, Lavaca, and Colorado counties, Texas. Note rapid downdip Pel of Claiborne 
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is approaching the edge of the Sparta sand wedge and suggests a pre- 
ponderance of finer clastic sediments in the Wilcox, although the 
latter are still continental in origin. 

5. The long Claiborne section in the Arkansas Fuel’s Louisiana 
Central Lumber Company No. 1, northernmost well, is due to its lo- 
cation east of the cross-section line and off the regional anticline 
indicated by the Kirby’s Goodpine No. 1 and others. 

Downwarping into the coastal geosyncline during Wilcox and 
Claiborne time is demonstrated by this cross section and particularly 
by the Continental’s Manuel No. 1 although the tempering effect of 
the Mississippi embayment is still noticeable. 

The data supplied by sections AA and BB offer evidence that the 
north limb of the Gulf Coast geosyncline in early Eocene time (a) 
bent sharply southeast near southern St. Landry Parish, (b) ended 
against an uplifted area east of the Mississippi River, or (c) developed 
later than in west Louisiana and Texas. 

Section CC (Fig. 4) illustrates more typical Claiborne thickening 
and “‘shaling-out”’ of Claiborne sands due to gulfward downwarping. 
There is still abundant sand deposition in the Wilcox below a depth of 
9,500 although not as coarse or as porous as at shallower depths. The 
two California Company’s Long-Bell wells, although only 300 feet off 
Strike, show very definite differences in sedimentation, porosity, and 
permeability. The thin Cane River interval in the Atlantic’s Rice 
Land and Lumber Company No. 1 is due to a fault with 200 feet of 
displacement. 

Section DD (Fig. 5.) is fairly typical in most respects. The ap- 
parent lack of Claiborne thickening may be due to the location on 
sizeable known structures of the three southernmost wells. The Sparta 
and Queen City sand zones are not distinguishable as such by electrical 
properties at the 7,000-foot Wilcox contour. The massive Carrizo sand 
is present in the shallower wells. The Continental’s Bender Estate 
No. 1, near the south end of this section (Index No. 50), encountered a 
section of sands and carbonaceous sandy shales with few marine sedi- 
ments where the top of the series occurs below 9,900 feet. 

In the next three cross sections there is a progressive increase in 
the rate of Claiborne thickening from northeast to southwest (EE 
to GG, Figs. 6, 7, and 8). The sands of Sparta and Queen City age 
shale-out farther updip in each section from EE to GG, near the 
— 7,000, —5,000, and —4,500 foot Wilcox contours respectively. Re- 
gional dips on the top of the Wilcox series are also steeper here than 
elsewhere along the coast. This feature is apparently due to the ac- 
centuated plunge of the San Marcos arch or, at least, whatever the 
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cause, to sufficiently rapid subsidence of this part of the coast during 
Claiborne deposition to prevent the spreading of shallow-water de- 
posits far gulfward. Sections FF and GG are both located on the San 
Marcos arch with the latter probably slightly closer to its axis. The 
Wilcox penetration in downdip wells is not great enough to afford 
many data on the effect of these conditions on Wilcox deposition, but 
the sections do afford an excellent comparison of the extent of coast- 
ward retreat of the Wilcox and Claiborne strand lines. 

The Carrizo formation is particularly well illustrated in the shallow 
wells of sections FF and GG. 

Section HH (Fig. 9), the most southerly section, is of particular 
interest for several reasons. 

1. Jones’ George .West No. 1, located nearer the Rio Grande 
Basin than any other downdip well, indicates a rapid Claiborne 
thickening toward the basin as well as toward the gulf. 

2. The same well penetrated 3,750 feet of section below the top of 
the Carrizo and well developed, porous sand bodies are limited to the 
upper 700 feet. The long non-porous section below 7,800 feet consists 
principally of dark, lignitic, micaceous, pyritic, sandy shales and thin, 
hard, lignitic, micaceous, fine-grained sandstones. Fossils are rare and 
non-diagnostic which, with the lack of clean, porous sands, suggests 
deposition on the landward side of the strand line in lakes, rivers, or 
lagoons. The thickness is 1,000 feet or more in excess of known Carrizo- 
Wilcox thicknesses near the outcrop and the Midway formation was 
anticipated above the total depth of 10,832 feet. However, according 
to Kniker,!® who studied the cuttings and cores, the basal part of the 
section resembles Wilcox lithologically and does not contain Midway 
fossils. Thickening on the north flank of the basin and the addition of 
strata at the base of the Wilcox could reasonably be expected but the 
absence of porous, clean sand bodies, if this condition should persist 
into the basin, would be distinctly different from other similar areas, 
for instance the Mississippi embayment. Deposition of such a great 
thickness of essentially non-marine, fine sediments may indicate 
streams of low volume, or velocity, perhaps tributary to main drainage 
lines, or terminating in inter-deltaic lagoons or brackish-water embay- 
ments. It is unknown, yet, whether or not the true Rio Grande Basin 
was more favorably situated for lower Wilcox sand deposition than 
the north flank near this particular well. The upper Wilcox sands, at 
least, are potentially prolific and Queen City sand development in- 
creases toward the basin. : 

Another similar shale section below several hundred feet of rather 


10H. T. Kniker, unpublished Summary of Sample Descriptions, for E. M. Jones. 
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porous upper Wilcox sands is reported in east, coastal Texas but is 
not present in the Mississippi or East Texas basins in wells of com- 
parable penetrations. There are insufficient data, however, to deter- 
mine if this condition is characteristic of inter-basin or inter-delta 
areas, or of extreme land emergences which might prevent major 
trunk drainage from reaching these areas. 

3. The 1,700 feet of Wilcox in Anderson-Pritchard’s Robinson 
No. 2 is similar to the upper part of Jones’ West No. 1 except for a 
slightly poorer sand development. Both wells have a distinctly sepa- 
rate sand body at the top which is similar in lithology to the Carrizo. 
Presence of like bodies in other wells on the section supports the pos- 
sibility of continuous Carrizo deposition from this position to the out- 
crop. 

4. Abrupt Claiborne thickening is illustrated by Bunte’s Earnest 
well No. 1. There is no suggestion of the upper Wilcox (or Carrizo) 
sands above the total depth of 9,956 feet. 

5. The Queen City formation gains in importance of sand develop- 
ment over the Sparta. It also increases in thickness and porosity of 
the sandy part of the formation from Jones’ West No. 1 to the Tide- 
water’s Bruni No. 7 in the Rio Grande Basin. Along the section toward 
the gulf the Wilcox sediments still demonstrate by far the strongest 
emergence. 

RIO GRANDE BASIN AREA 


Lack of complete record on a downdip well in the Rio Grande 
embayment area leaves the Wilcox here almost entirely unknown. 
The Tidewater’s Bruni No. 7 in southeastern Webb County (No. 1 on 
index map) blew out from a sand at a depth of 8,953-56 feet. In this 
interesting well, the Queen City sand section is present and well 
developed from depths of 5,620—6,190 feet, which indicates an interval 
of 2,763 feet between the base of this section and the sand at 8,953 
feet. Due to the blow-out the electrical log on this well is available 
only to a depth of 6,615 feet. The interval from the base-of the Queen 
City to the top of the Wilcox or Carrizo in Jones’ George West No. 1, 
central Live Oak County, is 955 feet. To assume the deep sand in the 
Tidewater well to be near the top of the Wilcox would require an in- 
crease in the Reklaw thickness of about three times the George West 
No. 1 interval. In view of the regional Reklaw thickening along the 
outcrop, from the San Marcos arch region into the Rio Grande Basin, 
this amount of subsidence and deposition does not seem unreason- 
able." The absence of Sparta sands in both of these wells is not sur- 


1 F, B. Plummer, op. cit , p. 622. 
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prising when their poor development near the outcrop is considered. 
Geosynclinal concentration of major drainage and a closer balance 
between deposition and subsidence was presumably responsible for 
this downdip development of coarse clastics in the Queen City forma- 
tion. Whether or not the Wilcox sediments were spread farther gulf- 
ward, as was the case in other parts of the coastal area, remains to be 
proved. 

The Claiborne and Wilcox sedimentation at any point in South 
Texas will vary with its relation to geosynclinal conditions in the Rio 
Grande Basin, where abundant sediments, although perhaps not 
abundant coarse sands, from north, west, and southwest, kept closer 
pace with subsidence than was possible along the open sea area to the 
northeast, in the vicinity of the San Marcos arch. 


CORRELATIONS 


Subdivision and correlation of the downdip Wilcox has progressed 
very little thus far because of the complex, preponderantly non- 
marine, nature of the sediments, and lack of a complete thickness with 
which to work. Electrical characteristics reflect the highly variable 
sedimentary conditions and it is practically impossible to correlate 
within the Wilcox group on this basis except for restricted areas. 
Three logs of the Wilcox section in the Ville Platte field, Evangeline 
Parish, Louisiana, illustrate the degree of variation in sedimentation 
within a mile (Fig. 10). The cross sections further illustrate this point. 

There are no more marine zones in the downdip wells than near the 
outcrop, but, in some wells, there is a greater abundance of shales, 
generally silty and carbonaceous, which separate the thicker sands. 
Shale zones of varying thickness up to 400 feet are present within the 
Wilcox series but have not proved traceable along the downdip strike 
between the scattered wells. Microfaunas are present but so far they 
have not contained diagnostic forms or have been studied insufficiently 
to be of correlative value. Hanna” reports beds containing Discocyclina 
cookei at 8,722-27 feet, 600 feet below the top of the Wilcox, in the 
Gulf’s Ragan No. 2, Segno field, Polk County, Texas. He also states 
that as far as known this species is restricted, in Alabama, to the Salt 
Mountain limestone member of the Wilcox, which is placed by Blan- 
pied" in its now generally accepted position between the Tuscahoma 

2M. A. Hanna, “Wilcox Eocene Production at Segno Field, Polk County, and 


Cleveland Field, Liberty County, Texas,” Bull. Amer. Assoc. Petrol. Geol., Vol. 22, No. 9 
(September, 1938), p. 1275. 


i 13 B. W. Blanpied, oth Ann. Field Trip Shreveport Geol. Soc. (1932). Correlation 
art. 
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sand and Nanafalia formation in the lower part of the series. A Disco- 
cyclina zone, species yet undetermined, occurs in the Ville Platte field, 
in Evangeline Parish, Louisiana, 200 feet below the top of the Wilcox 
series and, although a satisfactory marker here, it has not yet been re- 
ported from other wells in this part of the state. These Foraminifera 
occur in the upper part of a sand body containing considerable glau- 
conite and offer evidence of its marine origin. 

The lower boundary of the Wilcox group is not penetrated in 
many wells but there is little updip evidence to indicate extensive 
erosion between the Midway or its equivalents and the Wilcox. 
Laminated basal sands and a gradual increase in sand content indicate 
a transition of one series into the other. 

The upper boundary, however, is subject to doubt, especially in 
regard to its updip and downdip relations. There is a rather sharp 
sedimentary break between the long Claiborne shale series and the 
coarser Wilcox sediments in practically all of the downdip wells and 
there is usually little difficulty in selecting this point within a short 
vertical distance. In places sandy shales above the first porous Wilcox 
sand contain carbonaceous material and other sediments related to 
Wilcox deposition. They are probably transitional in origin and are 
not ordinarily more than 50 or 75 feet thick. It is not to be supposed 
that this contact is the same age updip and downdip, or even along 
strike, but its downdip distinctness does indicate a fairly rapid trans- 
gression of Claiborne seas with little tendency toward oscillation of the 
strand line. 

Near the outcrop in Texas, including the Rio Grande Basin, the up- 
per boundary is less definite. The relation of the 200 feet, more or less, 
of the coarse-textured, massively bedded, exceptionally sandy Carrizo 
formation to the downdip sands of the Wilcox group is involved. (The 
Carrizo development is well illustrated in the higher wells of sections 
FF and GG.) This formation is placed in the Claiborne series at the 
outcrop because of its coarse texture which resembles the Queen City 
sands more than Wilcox, because of a fairly widespread unconformity 
at its base and because in most places itis transitional into the Reklaw 
formation above. However, variable thicknesses and lack of transition 
beds in some areas suggest this transition zone is not everywhere 
present. The transition characteristics are well illustrated electrically 
by the Continental’s Gatlin No. 1 log on cross section GG. 

Downdip, however, there are numerous wells which show no such 
sand development near the top of the Wilcox section and some which 
have a sand body resembling the Carrizo. The uppermost porous sand 
body in the Sun’s Shaper No. 1, Goliad County, has been identified as 
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Carrizo on lithology as has that in Anderson-Pritchard’s Robinson 
No. 2, Bee County, and Jones’ George West No. 1. However, the 
deep sands in Purvis’ Afflerbach No. 1 and the Atlantic’s Conwell 
No. 1, DeWitt County, are finer-grained than those in the Shaper 
well and lie between the Shaper well and the outcrop. 

The Carrizo formation possesses almost every characteristic of a 
beach sand, with some evidence of having been subjected to wind 
action. The reworking, by an advancing sea, of nearshore dune areas 
best explains its origin and farther gradual advance of the seas would 
account for the shallow-marine, in places fossiliferous, transitional, 
sandy Reklaw beds. Under these conditions the top of the Carrizo 
would represent the principal change from the coarse clastic type of 
sediment to true marine sediments, which is the prominent facies 
change in downdip wells. The top of the Carrizo is correlated thus 
although the downdip time equivalent of the whole formation is 
probably present in both the Wilcox and overlying Reklaw strata. If 
the base of the Carrizo is correlated with the top of the downdip, 
sandy Wilcox phase, it becomes necessary to assume a thickening of 
the Claiborne interval toward the outcrop. Although not impossible, 
the reverse is more commonly the fact and seems more plausible. The 
unconformity below the updip Carrizo becomes unrecognizable down- 
dip in different types of sediments or fails to extend far in this 
direction. 

Local accumulations of beach sands and minor oscillations of the 
sea during a general transgression could account for coarse sediments 
far downdip with finer deposits between this position and the outcrop. 
Such a coarse beach sand could have an origin similar to that of the 
Carrizo with or without complete continuity. The age of these 
scattered shore-line deposits would probably decrease in an updip 
direction. In places there are sand bodies at the top of the Wilcox 
section in Louisiana which resemble the Carrizo but they are less 
widespread than in typical Texas areas. 

During early Reklaw time, the comparatively shallow Rio Grande 
embayment received considerable continental sand and lignite de- 
posits, interbedded with marine strata, which comprise the “sandy 
Reklaw”’ or Bigford formation and overlie the Carrizo sand. Although 
these strata are distinct from higher, predominantly clayey strata, 
both facies are considered to merge into more typical Reklaw shales 
in passing from the Rio Grande Basin toward the San Marcos arch. 
Just how far downdip in the Rio Grande Basin these sandy beds ex- 
tend is not known, or how far northeast their presence may be an- 
ticipated. They occur in Jones’ George West No. 1 well in Live Oak 
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County. It is possible that deep sands in the downdip Webb County 
wells or even in Bee County might be Bigford in age. There is a sharp 
contact, however, between Reklaw shale and Carrizo sand in Jones’ 
Ezzell No. 3 and George West No. 1 in eastern McMullen and Live Oak 
counties, and conditions in the Bee County wells appear to be similar 
to those farther northeast so that the Bigford zones, if present, are 
probably sandy shales and show electrical characteristics similar to 
other Reklaw shales. Based on the assumption that Gulf Coast dia- 
strophic periods did not change radically within a comparatively short 
distance, it seems reasonable that the major retrogression indicated 
by the deep sands in Anderson-Pritchard’s Robinson well No. 2 in 
Bee County should be essentially the same as the one so well developed 
elsewhere in the Gulf region. 


OIL POTENTIALITIES OF WILCOX 


Complete penetration has not been obtained in any of the fields 
although probably the upper half or more of the Wilcox section is 
known in at least three fields. At present all the downdip Wilcox wells 
are producing from the top or very near the top of the series, which 
has given rise to the idea that production will not be found in lower 
formations. Deeper, separate zones of saturation are known in most 
of the Wilcox fields and, although not producing, they strongly sug- 
gest that this idea is the usual one which has accompanied each past 
objective in the early exploratory stages. There are sufficiently definite 
shale intervals between well developed sands, in downdip wells, to 
provide for accumulation below the upper Wilcox beds, provided 
proper structure and stratigraphic relations are present. Unfortu- 
nately the majority of these intervals between sand bodies are com- 
posed of non-marine, sandy, silty shales instead of clay and are 
poorer traps, although in some fields, notably Ville Platte, they ap- 
pear to be sufficient. 

The following factors are of prime importance in Wilcox prospect- 
ing and control the optimum conditions for Wilcox production: (1) the 
extent of sufficiently marine conditions toward the updip edge of the 
series and (2) the extent of sufficient porosity and permeability toward 
the downdip margin. 


UPDIP EXTENT OF MARINE CONDITIONS 


This factor is difficult to evaluate and is usually gauged by the 
presence or absence of salt water in the sands. A study of electrical 
logs shows the presence of abundant salt water above the — 3,000-foot 
top of Wilcox contour and above the —2,o00-foot contour in many 
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places. It may be mentioned parenthetically that many cores fail to 
taste salty in contradiction to electrical data which is believed to be 
due to a flushing of the permeable sands by drilling fluids. The salt 
water extends updip as far as or farther than the optimum develop- 
ment of marine shales and on this basis a purely arbitrary depth of 
2,000 to 3,000 feet may limit the best updip possibilities. It should be 
realized, however, that many variable factors are involved and that 
local conditions can radically change this conception.“ 


POROSITY AND PERMEABILITY 


Present drilling depths place the gulfward edge of the Wilcox 
deposits within reach and due to the major Wilcox emergence there is 
abundant sandy material present even at these depths. It contains, 
however, silt and interstitial mineral deposits which apparently in- 
crease with depth and in a coastal direction. The permeability of the 
sands is affected strongly and the porosity to a less extent but still 
very noticeably. There is obviously a downdip limit, still within 
drilling depths, to economic production from these sands. The fact 
that a preponderance of non-marine sediments apparently extends 
farther downdip than optimum permeabilities further detracts from 
the potentialities of at least a part of the Wilcox section. 

The laboratory analyses of cores in Table II give an approximate 
relation of porosity and permeability to depth and to the amount and 
type of production. 

From the figures in Table II it may be observed that the best con- 
ditions of porosity and permeability are rather definitely above depths 
of 9,000 feet, although local conditions of deposition and subsequent 
mineralization must vary widely. Shoaling of marine waters over 
structure, strength of currents, kind and source of sediments, climate, 
degree and time of subsidence, and the content of underground waters 
are among the factors which are involved in these characteristics 
and it would be more than remarkable if they were all coincidental 
with a present subsurface depth. 

A comparison of core-analysis data from an Eola and a Ville Platte 
producing well is made in Figure 11. Richardson’s Haas Estate No. 2 
data represent almost ideal conditions from perhaps the best Wilcox 

Since this paper was submitted production has been established from middle 


Wilcox zones in updip wells in La Salle County, Texas, and La Salle Parish, Loui- 
siana. 

In the Cullen No. 1 Washburn, La Salle County, Texas, the production is from 
a depth of 4,860-80, 1,700 feet below the top of the Carrizo. In the Olla field, La Salle 
Parish, Louisiana, production occurs from a zone near depths of 2,250, about 600 feet 
below the top of the Wilcox. The Hunt No. A-2 Goodpine, also in La Salle Parish, is 
producing from 3,700, about 1,200 feet below the top. 
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field to date and the Continental’s Hattie Haas No. 3 is approaching 
the marginal conditions described. The latter has produced steadily, 
however, from a sand below 10,000 feet, about 175 barrels per day 
since May, 1939. Good production can apparently be obtained with 
less permeability at greater depths, due perhaps to greater pressures. 
No final recovery figures are available yet as a check on porosity and 
ratio of connate water to oil. 

The apparent clustering of producing fields in recognized areas has 
been cited as evidence of ‘‘good”’ Wilcox oil provinces and absence of 
fields as ‘‘poor’’ oil provinces or ‘“‘trends.”’ There does not appear to be 
sufficient evidence for this classification at present. Explanation by 
presence or absence of proper source beds involves too much that is 
unknown about source beds. It is known, at least, that good reservoir 
beds are present across a wide belt, from South Texas to Mississippi. 
It may be that basin areas, especially if subsidence around deep salt 
domes or anticlinal folding was active during deposition, have ad- 
vantages over interbasin areas where there may have been compara- 
tively smooth downwarping, accompanied by faulting alone. Or, more 
simply, areas of greatest past structural activity should have the most 
fields. The ease of discovery of different types of structure and the 
known but undrilled structures enter into such a classification. The 
relations of deposition and local structure to regional features, es- 
pecially of Wilcox age, are too intricate to permit the establishment, at 
present, of definite petroliferous and non-petroliferous provinces. 
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FORAMINIFERAL CORRELATIONS IN EOCENE OF 
SAN JOAQUIN VALLEY, CALIFORNIA! 


BORIS LAIMING? 
Los Angeles, California 


ABSTRACT 

The writer presents evidence to prove the value of the smaller Foraminifera as a 
basis for correlating Eocene strata in California. A study of foraminiferal sequences in 
a number of sections taken from widely separated areas shows that the general order of 
superposition of microfaunal assemblages remains constant, even in the presence of 
variable lithologic conditions. Charts are presented, indicating the position and correla- 
tion of foraminiferal zones and formations in various surface and subsurface sections 
of the Eocene in San Joaquin Valley. Comparison is also made with Eocene formations 
in other localities. The vertical ranges of the faunal assemblages and of some charac- 
teristic species are shown in a graphic chart. 

The object of this investigation has been to determine the char- 
acter of distribution of the smaller Foraminifera in the marine Eocene 
deposits of California, and to establish their value for correlation of 
the Eocene strata within the California province. 

Since the recent discoveries of oil in the Eocene of California, the 
correlation of these strata has gained considerable economic impor- 
tance. The lithologic diversity of Eocene formations and the lenticu- 
larity of some members of these formations require a uniform basis 
for the detailed correlation of these deposits. Such a basis is provided 
by the establishment of foraminiferal zones which transgress litho- 
logic boundaries. 

Widespread distribution of the Foraminifera and the comparative 
ease with which they may be recovered from the rocks afford a dis- 
tinct advantage in the study of nearly continuous sequences of strata, 
and the establishment of a greater number of stratigraphic units over 
a wider area than can be accomplished by means of the molluscan 
fossils. 

This investigation has included the study of several detailed sec- 
tions of Eocene strata, and of numerous well sections which served to 
corroborate and amplify the evidence relating to the stratigraphic 
distribution of Foraminifera obtained from the surface sections. The 
geographical position of the type sections is shown in Figure 1. 

1 Manuscript received, June 10, 1940. 

This article is an abstract of a longer paper entitled ‘‘Some Foraminiferal Correla- 
tions in the Eocene of San Joaquin Valley, California,’’ presented before the Sixth 
Pacific Science Congress held at Berkeley, Stanford, and San Francisco, California, 
July 24 to August 12, 1939, published in the Proceedings of the Congress. 

Another abstract of the same paper entitled ‘Eocene Foraminiferal Correlations 


in California,’”? and somewhat similar to the present article, has been submitted for 
publication in the California State Division of Mines Bulletin 118, Pt. 2. It is about to 


go to press. 
2 The Texas Company, 929 South Broadway. 
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None of these sections furnished a complete faunal sequence 
throughout the Eocene column, and more than one section was used 
in establishing the order of superposition of each zone. However, the 
finding of analogous sequences in numerous well sections from widely 
separated areas has given assurance of the validity of the sequences 
thus established. The correlations of faunal zones in various sections 
were made by direct comparison of mounted assemblages of Foraminif- 
era rather than by scrutinizing faunal lists. The general order of 
superposition of those assemblages and their components has re- 
mained remarkably constant throughout the major portion of the 
area studied. 

In defining the limits of each zone emphasis was placed upon con- 
tinued occurrence of a given assemblage rather than upon the presence 
or absence of individual markers. However, the distribution of the 
markers was noted, and a range chart containing some of the most 
important ones was included in Figure 2. 

For the purpose of clarity, the record of distribution of each foram- 
iniferal assemblage in the stratigraphic column is presented in 
graphic summary form in Figure 2. This clearly shows that the ma- 
jority of the zones can be differentiated on the basis of assemblage 
characteristics, and only the middle Eocene zones B-1, B-2, and B-3 
can not be distinguished in any other way than by means of marker 
fossils. 

A comparison of the faunal sequence presented in Figure 2 with 
that of the Gulf Coastal area of the United States and Mexico points 
to the same order of superposition of the main faunal groupings, 
although the California microfaunal zones could not be correlated 
individually with these areas. 

The effect of ecologic factors on correlation and the importance of 
taking faunal provinces into account in biostratigraphic studies de- 
serve serious consideration. This investigation has led the writer to 
the conclusion that within the area considered in this report one is 
dealing with the same faunal province. Therefore, correlations within 
this province on the basis of foraminiferal zones set forth in Figure 2 
are believed to be reliable, allowing for local limitations. 

The most profound faunal change in the entire Eocene column, 
between zones C and B-4, occurs within a shale member in most of the 
sections. An absence of diagnostic megascopic faunas in the majority 
of the shale members of the Eocene precluded a detailed zonation of 
these shale members until Foraminifera furnished the missing links 
in the sequence. For this reason, wherever the megafaunal stage 
boundaries have been locally drawn to include unfossiliferous parts 
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of lithologically similar strata, they may have to be revised with the 
aid of foraminiferal evidence. 

The position of the foraminiferal zones in fourteen key sections in 
California is shown in Figures 3-8. A tentative correlation of the 
foraminiferal zones described in this article with megafaunal stages 
and Eocene formations is given in Figure 9. This shows that twelve 
foraminiferal zones can be differentiated in the Eocene column previ- 
ously subdivided into six stages on the basis of Mollusca. 

Figure 9 also shows that the tentative foraminiferal correlations 
of Eocene formations in California conform in most cases to the mol- 
luscan correlations of the same formations published by Clark and 
Vokes (8, p. 856)* in their article on the marine Eocene sequence of 
western North America. However, much greater detail is accomplished 
by the use of Foraminifera. 

Contrary to the conventional method of presentation, the foram- 
iniferal zones are described in descending order in this paper, with 
the thought in mind that this order will afford greater convenience for 
study of the Foraminifera to the largest group of foraminiferal workers 
who are dealing with subsurface sections in drilling wells. 

The uppermost zone here described and designated zone R is 
characterized by the group of Foraminifera figured by Cushman and 
Schenck (37) from the Bassendorf shale of Oregon, typical of the 
Refugian stage of the California Tertiary. 

Most characteristic for this zone are the occurrences of Uvigerina 
cocoaensis, “Planulina’”’ haydoni, Plectofrondicularia packardi, and 
Bulimina sculptilis, the first two being confined to this zone. 

The succession of strata which underlie the Refugian stage, and 
which comprise that part of the Eocene section assigned to the Un- 
named stage by Schenck and Kleinpell (68), have here been divided 
into three zones on the basis of Foraminifera. In descending order 
these are zones A-1, A-2, and A-3. 

The fauna of zone A-1 was described by Church (6) from the 
Kreyenhagen shale, but it is confined to the middle and upper lower 
portion of the Kreyenhagen shale as mapped by Anderson and Pack 
(2) north of the town of Coalinga. 

Zone A-1 is characterized by the common occurrence of Plecto- 
frondicularia jenkinsi restricted to this zone, and associated with 
Planularia markleyana, Eponides pygmea, and Robulus welchi. 

Zone A-2 is characterized by the restricted occurrence of Uvigerina 
churchi, associated with Uvigerina garzaensis, Bulimina corrugata, 
Gyroidina orbicularis var. planata, and Plectofrondicularia packardi. 

3 Numbers in parentheses refer to Bibliography at end of article. 
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The lower part of zone A-2 is locally marked by the presence of several 
characteristic species including Globoratalia cf. palmarealensis, Buli- 
mina lirata, and Bulimina instabilis, and an undescribed species of 
Plectofrondicularia, ornamented with four prominent peripheral ridges 
and one to three short costae over the initial chamber. 

Near the base of zone A-2, and in places recurrent at points within 
this zone, are found in some areas numerous species which show a 
marked affinity for the fauna of the C zone. Whether ecologic condi- 
tions or redeposition are responsible for the recurrence of this fauna in 
zone A-2 can not be established at this time, but redeposition appears 
to be the more probable explanation. 

Zone A-3 has been recognized in a few sections only, and is believed 
to have been overlapped by the superjacent Kreyenhagen formation 
along the western border of the San Joaquin Valley. Many of the 
species in this zone have been figured by Cushman and Dusenbury(28) 
from the Poway conglomerate of California. Additional species have 
been figured by G. D. Hanna and M. A. Hanna (49) from the Eocene 
of Cowlitz River, Washington. 

A notable change in foraminiferal assemblage occurs at the base 
of zone A-3. The faunas of the subjacent five zones are all closely re- 
lated to each other, differing mainly in assemblage characteristics and 
preponderance of certain species or varieties in one zone over another, 
and containing a limited number of forms restricted to any one zone. 
This group, comprising the zones B-1A, B-1, B-2, B-3, and B-4, in 
descending order, bears marked affinity for the Claiborne group of the 
Gulf Coastal area of the southern United States, and the Tantoyuca 
formation (upper Eocene) of Mexico. 

The fauna of zone B-1A was described by Cushman and Mc- 
Masters (33) from the upper part of the Llajas formation. It is 
characterized principally by the common occurrence of Amphimor- 
phina californica. In the Sacramento Valley, zone B-1A is directly 
underlain by a foraminiferal fauna identical with that found in the 
Domengine formation at its type locality north of Coalinga, Cali- 
fornia, carrying abundant Cibicides (Truncatulina) coalingensis which 
marks zone B-r. 

The assemblage of Foraminifera in the part of the stratigraphic 
column comprising the microfaunal zones B-1, B-2, B-3, and B-4 re- 
mains nearly constant. These zones may be differentiated only on the 
basis of a few short-range species, a gradational change in the char- 
acters of certain species, as for example Marginulina mexicana, and a 
local predominance of other forms not wholly restricted to any one 
zone. A considerable number of species found in this group of zones 
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have been described by Cushman and Hanna (29) from the Eocene 
near Coalinga, by G. D. Hanna (48) from the Eocene near Vacaville, 
by Cushman and M. A. Hanna (30) from the Eocene near San Diego, 
and by Cushman and McMasters (33) from the Llajas formation. 

The first appearance of Gaudryina jacksonensis coalingensis and 
Discocyclina sp. (cf. D. cloptoni of Cushman and McMasters), as- 
sociated with an abundance of Cibicides coalingensis, marks the top of 
zone B-1. A variety of Marginulina mexicana, similar to the form 
figured by Cushman and McMasters (33) from the Llajas formation 
(Pl. 74, Fig. 16) is abundant in this zone. 

The first appearance of Bulimina adamsi, Nonionella cf. frankei, 
Nonion halkyardi, and Marginulina truncana marks the top of the 
next zone, B-2. A variety of Marginulina mexicana nudicostata, broader 
in its later portion and similar to the form figured by Cushman and 
McMasters (33) from the Llajas formation (Pl. 74, Fig. 15) designated 
as var. B, is common in zone B-2. This form, in association with 
another variety of that species designated var. C, distinguished by a 
longer uncoiled portion and an inflated terminal chamber, is also 
common in zone B-3. The occurrence of Elphidium sp. near the top 
of zone B-3 was noted in many of the sections studied, while Bulimina 
cf. inflata was found common near the bottom of that zone. Disco- 
cyclina cf. clarki is found abundant in zones B-2 and B-3, and Marginu- 
lina subbullata makes its first appearance in zone B-3. 

Zone B-4 is characterized by the common occurrence of another 
variety of Marginulina mexicana, ornamented with spines (var. D), 
in association with Cibicides cf. martinezensis and the first occurrences 
of Marginulina mexicana var. alticostata, Pseudouvigerina cf. wilcoxen- 
sis, Siphonina cf. wilcoxensis, and Valvulineria cf. wilcoxensis. 
Characteristc of the base of zone B-4 are the appearance of many 
forms ranging up from the “lower Eocene” and the Cretaceous, and 
the disappearance of a fauna dominated by Marginulina mexicana 
var. nudicostata, Eponides guayabalensis, Gaudryina jacksonensis 
coalingensis, and Marginulina truncana. A marked faunal change takes 
place at the base of zone B-4, as shown in Figure 2. 

The assemblage of the underlying zone C exhibits great diversity 
of species, considerable numbers of which do not extend higher in the 
section, except in zone A-2 where they are believed to be redeposited. 
Many of the species of zone C have been reported from the lower 
Eocene (Aragon) of Mexico, from the Midway formation of Texas, 
from the Eocene of Cuba, and the late Cretaceous from Tabasco, 
Mexico. Some species of the C zone have also been figured from 
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Martinez, California, by Cushman and Barksdale (22) and from the 
lower Kreyenhagen, by Cushman and Siegfus (38 and 39). 

Characteristically common in the C zone are Bolivina applini, a 
large form of Anomalina dorri var. aragonensis, Marginulina as peruli- 
formis, Clavulina cf. parisiensis, Gyroidina cf. florealis, and Bulimina 
stalacta. Associated with these are Coleitis cf. reticulosus, Bulimina 
denticulata, Pseudouvigerina sp. B, a species of “‘Plectofrondicularia” 
with two apertures, Nodosaria cf. velascoensis, Nodosaria cf. pseudo- 
obliquestriata, Pulvinulinella cf. culter, Amphimor phina ignota, Giimbel- 
itria sp., Gonatosphaera alternicostata, Bulimina cf. declivis, and 
Spiroplectoides directa. 

The Foraminifera which appear most characteristic of zone D in- 
clude Giimbelina cf. globulosa, Loxostomum cf. wilcoxensis, Marginulina 
mexicana var. alticostata, Discorbis sp.(small form), Bulimina excavata, 
Silicosigmoilina californica (large form), Lenticulina cf. nuda, Spiro- 
plectoides clotho, Ammodiscus cf. turbinatus, Saccammina cf. rhumbleri, 
Cyclammina cf. pusilla, Glomospira charoides, and Cribrostominoides 
cf. trinitatensis. Many of the species listed in the D zone have been 
described from lower Eocene and Cretaceous strata. 

Zone E is stratigraphically the lowest in the section, ascribed to the 
Eocene in California. Particularly notable in the E zone is the presence 
of a large number of species described from the Midway (64) formation 
of Texas, the Moreno (26) (Upper Cretaceous) shale of California, the 
Upper Cretaceous (32) of Trinidad, and other Cretaceous localities 
(133 15; 173 34). 

The most characteristic Foraminifera of the E zone are Marginulina 
subaculeata var. tuberculata, Lenticulina midwayensis, Bulimina arka- 
delphiana var. midwayensis, associated with Silicosigmoilina cali- 
fornica, Spiroplectoides clotho, Cibicides cf. ungeriana var., Vaginulina 
cf. simondsi, and rare occurrences of Flabellina reticulata Reuss. Typi- 
cal for the upper portion of this zone is the occurrence of Bulimina cf. 
exigua, Marginulina (Vaginulina) cf. plummerae, and Bolivinoides sp. 
(thick cross section). In the lower portion of the zone, Pseudouvigerina 
sp. C, a large triangular form, is abundantly present, associated with 
Bolivina incrassata, and rare Frondicularia frankei. 


CORRELATION 


The distribution of foraminiferal zones in fourteen key sections 
from widely separated areas in California, presented in Figures 3-8, 
shows that the order of superposition of these zones in the Eocene 
column remains constant. The validity of the microfaunal sequence 
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illustrated in these figures finds confirmation in well sections studied 
from areas adjacent to, or intermediate between, the key sections. 

Further evidence of the reliability of the microfaunal sequence 
here described as a basis for establishing time stratigraphic units is 
obtained from a comparison with other remote basins of deposition, 
such as western Oregon, the Gulf Coastal area of the southern United 
States, and Mexico. Several authors who have described Eocene 
Foraminifera from California, have pointed out the similarity between 
the California faunas and those collected from the areas just men- 
tioned, where these faunas occupied a position in the local stratigraphic 
column similar to that assigned to them in California. 

The position of the lithologic members of the Eocene succession 
in the various sections shows that comparable microfaunal assemblages 
have been found in the same stratigraphic position, irrespective of the 
predominating character of the sediments in which they were con- 
tained. Only coarse sandstone members which totally lacked inter- 
stratified finer sediments failed to yield a foraminiferal fauna. The 
foraminiferal zones have been found to transcend formational and 
lithologic boundaries in many localities, as for example in Vaca Valley 
at the top of the “Vacaville” shales, in the Simi Valley at the base of 
the Llajas formation, and in Coal Mine Canyon at the base of the 
Kreyenhagen formation. However, in most places where a faunal 
hiatus was recognized within a formational unit, as for example in the 
Kreyenhagen at Coal Mine Canyon and Oil City, in the Vacaville 
shale, in the Hooper well above zone B-1A, and other localities, a 
change in sedimentation was indicated by the presence of a glauconite 
bed, or a difference in the character of the underlying and the over- 
lying sediments. 

A tentative foraminiferal correlation of Eocene formations in 
California is presented in Figure 9. The localities shown in this cor- 
relation chart have been purposely selected from the areas referred to 
by Clark and Vokes (8) in their tentative correlation of Eocene marine 
formations on page 856 of their summary of the Eocene sequence of 
western North America. By this method it has been possible to cor- 
relate tentatively the foraminiferal zones of this report with the mol- 
luscan stages defined by Clark and Vokes (8), on the basis of those 
sections in which a good sequence of both the molluscan stages and 
the foraminiferal zones could be found. 

A comparison of Figure 9 with the correlation chart published by 
Clark and Vokes (8) shows that with the aid of Foraminifera greater 
detail in the correlations is accomplished. 

A difference between the two correlation charts may be noted inthe 
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assignment of a portion of the strata underlying the Llajas formation 
in Simi Valley to foraminiferal zones correlative with the Capay stage 
in other areas, instead of the Meganos, as shown by Clark and Vokes. 
An absence of Mollusca in division E of the type Meganos where these 
foraminiferal zones are represented (Fig. 3) may explain the discrep- 
ancy in correlations. 

Another difference is noted in the age assignment of the Avenal (?) 
sandstones at Coal Mine Canyon (Fig. 6). A glauconitic bed at the 
base of zone A-2 in Coal Mine Canyon directly overlies a 20-foot 
member of gray clay shale containing abundant Foraminifera and 
resting on the Spiroglyphus-carrying sandstones assigned to the 
Domengine formation by Vokes (71). The foraminiferal fauna found 
in that gray clay shale in Coal Mine Canyon is decidedly different 
from the fauna of the type Domengine, and is almost indistinguishable 
from the fauna of zone C of the present paper. At this locality the C 
zone appears to be in contact with zone A-2, and the entire succession 
represented by the zones A-3, B-1A, B-1, B-2, B-3, and B-4 is missing. 
While the megascopic evidence of Domengine age of these sandstones 
is inconclusive, the Foraminifera suggest an older Eocene age for the 
beds directly overlying the sandstones. 

The occurrence of the fauna of the C zone at the base of the 
Kreyenhagen formation in the Reef Ridge area implies an age-older 
than Domengine for the underlying Avenal sandstone. However, some 
doubt is cast upon this correlation by the reported presence of 
Domengine Mollusca in the Avenal sandstone, by insufficient forami- 
niferal evidence for dating the Avenal sandstone, and by possible 
redeposition of the foraminiferal fauna of the C zone into the basal 
gray shale member of the Kreyenhagen formation. 

A faunal hiatus marked by the absence of zones A-3 and B-1A at 
the base of the Kreyenhagen formation suggests an unconformity at 
this point in the section, in the Coalinga Nose field, at Oil City, and 
in the area on the north (Figs. 4 and 5). A marked difference in the 
section between the eastern producing and the western non-productive 
portion of the Coalinga Nose field has been observed in the underlying 
Lodo formation. It is accounted for by the presence of a thick body of 
Gatchell oil sand within zone B-3 in the eastern area. This sand body, 
as well as the Cantua sandstone contained within zone C in the area 
adjacent to Cantua Creek (Fig. 4) are absent in the western part of 
the Coalinga Nose field. 

A microfauna characteristic of zone A-2 collected near the mouth 
of Grapevine Creek from the uppermost part of the Tejon shale in- 
dicates a correlation with the lower Kreyenhagen south of Panoche 
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Creek (Fig. 7). This fauna is believed to overlie the fauna of zone A-3 
developed in a shale section of the Tejon 3 mile east of Tecuya Creek, 
2s shown in Figure 7. However, somewhat obscure field relationships 
in the type Tejon area and insufficient material available from zone 
A-3 in other areas, leave some doubt as to the exact stratigraphic 
position of that zone in the upper Eocene sequence. 

A section in Vaca Valley (Fig. 8) shows that the uppermost 150 
feet of “Vacaville” shales are separated from the underlying succes- 
sion of Eocene strata by a glauconite bed, and that a faunal hiatus 
exists at this point in the section in which the zones A-3, B-1A, and 
B-1 are missing. A microfauna assignable to zone A-2 was found both 
above and below the sandstone member at Dunn’s Peak, which over- 
lies the “Vacaville” shales. This portion of the Vaca Valley section is 
correlative with member 6 of Clark and Woodford’s (9) Domengine 
formation north of Mount Diablo designated by Reed and Hollister 
(66) as the shale at Nortonville (Fig. 8). 

The correlation tables accompanying this article present an at- 
tempt to interpret the Eocene succession in California on the basis of 
foraminiferal evidence, and to fit this evidence, as far as possible, into 
the divisions of the California Eocene established previously by means 
of megafossils. Some of these foraminiferal correlations will be found 
in disagreement with other lines of evidence, and are here presented 
tentatively with the primary purpose of pointing out where the dis- 
crepancies in the application of various lines of evidence for correla- 
tion occur. Additional detailed work on the Foraminifera can con- 
tribute a great deal toward a more satisfactory interpretation of the 
Eocene succession in California. 


BIBLIOGRAPHY 


1. ANDERSON, F. M., and Hanna, G. D., ‘‘Fauna and Stratigraphic Relations of the 
Tejon Eccene at the Type Locality i in Kern County, California,’ California Acad. 
Sct. Occasional Papers XI (1925), pp. 1-249. 
2. ANDERSON, R., and Pack, R. W., “Geology and Oil Resources of the West Border of 
the San Joaquin Valley North of Coalinga, California,” U.S. Geol. Survey Bull. 
603 (1915), pp. 58-78. . 
. ARNOLD, R., and ANDERSON, R., “‘Geology and Oil Resources of the Coalinga Dis- 
trict, California,” U. S. Geol. “Survey Bull. 398 (1910), pp. 62-75. 
‘ Arwitt, E. R., “Oligocene Tumey Formation of California,” Bull. Amer. Assoc. 
Petrol. Geol., Vol. 19, No. 8 (August, 1935), pp. 1192-1204. 
. CHurcH, C. “Cretaceous-Eocene Contact North of Coalinga, ” Bull. 
Amer. Assoc. Petrol. Geol., Vol. 15, No. 6 (June, 1931), PP. 697-9 
, “Foraminifera of the Kreyenhagen Shale,”’ Mining in California, State 
Min. Rept., Vol. 27, No. 2 (1931), pp. 202-13. 

7. CLARK, B. L., “The Domengine Horizon, Middle Eocene of California,’ Bull. 
Univ. California Pub. Geol., Vol. 16, No. 5 (1926), pp. 99-118. 

, and VoKEs, H. E., “Summary of Marine Eocene Sequence of Western 
North America,” "Bull. Geol. Soc. America, Vol. 47 (1936), pp. 851-78. 

g. CrarK, B. L., and Wooprorp, A. O., ‘The Geology and Paleontology of the Type 


Ann w 


Io. 


II. 


12. 


13: 


14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 


22. 


23. 


24. 


25. 
26. 


27. 


28. 


29. 


30. 


31. 
32. 
33- 


FORAMINIFERAL CORRELATIONS IN EOCENE 1937 


Section of the Meganos Formation (Lower Middle a of California,” Univ. 
California Pub. Geol., Vol. 17, No. 2 (1927), pp. 63-14 

Connit, D. D., “Age of the Kreyenhagen Shale in el Creek-Panoche Creek 
District, California,” Jour. Paleon., Vol. 4, No. 3 (1930), pp. 259-62. 

CoRYELL, LN. ., and Emsics, J. R, “The Tranquilla Shale (Upper Eocene) of 
Panama and Its Foraminiferal Fauna,” Jour. Paleon., Vol. 11, No. 4 (1937), 

Pp. 289-305. 

CusuMaN, J. A., ‘Some Characteristic Mexican Fossil Foraminifera,” Jour. 
Paleon., Vol. 1, No. 2 (1927), pp. 147-72. 

, “Notes on Upper Cretaceous Species of Vaginulina, Flabellina and 

Frondicularia from Texas and Arkansas,”’ Contrib. Cushman Lab. Foram. Re- 

search, Vol. 6, Pt. 2 (1930), pp. 25-38. 

, “Some ’New Foraminiferal Genera,” Contrib. Cushman Lab. Foram. Re- 

search, Vol. 9, Pt. 2 (1933), pp. 32-38. 

, “Notes on the Genus Spiroplectoides and Its Species,’’ Contrib. Cushman 

Lab. 'Foram. Research, Vol. 10, Pt. 2 (1934), Pp. 37-44. 

, “Upper Eocene Foraminifera of the Solemn United States,” U. S. 

Geol. ’ Survey Prof. Paper 181 (1935). 

, “Notes on Some American Cretaceous Frondicularias,”’ Contrib. Cushman 
Lab. Foram. Research, Vol. 12, Pt. 1 (1936), pp. 11-22. 

——, ‘Some New Species of Elphidium and Related Genera,’’ Contrib. Cushman 
Lab. Foram. Research, Vol. 12, Pt. 4 (1936), pp. 78-89. 

——, ‘Some Notes on Cretaceous Species of Marginulina,” Contrib. Cushman 
Lab. Foram. Research, Vol. 13, Pt. 4 (1937), PP. 91-99. 

——, “Cretaceous Species of Giimbelina and Related Genera,” Contrib. Cushman 
Lab. Foram. Research, Vol. 14, Pt. 1 (1938), pp. 2-28. 

, and APPLIN, E. R., “Texas Jackson Foraminifera,” Bull. Amer. Assoc. 
Petrol. Geol., Vol. 10, No. 2 (February, 1926), pp. 154-89. 

CusHMAN, J. A., and BarksDALE, J. D., “Eocene Foraminifera from Martinez, 
California,” Contrib. Dept. Geol. "Stanford Univ., Vol. 1, No. 2 (1930), pp. 55-73. 

CUSHMAN, ja A., and BERmupDEz, P. J. “New Genera and Species of Foraminifera 
from the Eocene of Cuba,’’ Contrib. Cushman Lab. Foram. Research, Vol. ‘12, Pt: 
2 (1936), pp. 27-38. 

, “Additional New Species of Foraminifera and a New Genus from the 
Eocene . Cuba,” Contrib. Cushman Lab. Foram. Research, Vol. 12, Pt. 3 (1936), 
Pp. 55-6, 

—, “Further New Species of Foraminifera from the Eocene of Cuba,” Contrib. 
Cushman Lab. Foram. Research, Vol. 13, Pt. 1 (1937), pp. 1-29. 

CusHMaN, J. A., and CAMPBELL, A. S., ‘Cretaceous Foraminifera from the Moreno 
Shale of California,” Contrib. Cushman Lab. Foram. Research, Vol. 11, Pt. 3 
(1935), Pp. 65-73. 

CusHMaN, J. A., and Cuurca, C. C., “Some Upper Cretaceous Foraminifera from 
Near Coalinga, California,” Proc. California Acad. Sct., 4th Ser., Vol. 18, No. 16 
(1929), PP. 497-530. 

CusHmaN, J. A., and Dusensury, A. N., “Eocene Foraminifera of the Poway Con- 
a of California,” Contrib. Cushman Lab. Foram. Research, Vol. 10, Pt. 3 

1934), PP. 51-65. 

CusuHMAN, J. A., and Hanna, G. D., ‘Foraminifera from the Eocene Near Coalinga, 
California,” Proc. California Acad. Sci. ., 4th Ser., Vol. 16, No. 8 (1927), pp. 205- 
29. 

CusHmaN, J. A., and Hanna, M. A., “Foraminifera from the Eocene Near San 
Diego, ’California,” Trans. San Diego Soc. Nat. Hist., Vol. 5, No. 4 (1927), pp. 
45-64. 

CusHMAN, J. A., and Jarvis, P. W., “Cretaceous Foraminifera from Trinidad,” 
Contrib. Cushman Lab. Foram. Research, Vol. 4, Pt. 4 (1928), pp. 85-103. 

, “Upper Cretaceous Foraminifera ‘from Trinidad,” Proc. U. S. Nat. Mus., 
No. 2914, Vol. 80, Art. 14 (1932), pp. 1-60. 

CusHMAN, J. A., and McMasters, J. H., ‘Middle Eocene Foraminifera from the 
Llajas Formation, Ventura County, California,” Jour. Paleon., Vol. 10, No. 6 
(1936), pp. 497" 

CusHMAN, J. A., and Parker, F. L., “Some American Cretaceous Buliminas,” 
Contrib. Cushman Lab. Foram. Research, Vol. 11, Pt. 4 (1935), Pp. 96-101. 


= 

= 
= 


1938 BORIS LAIMING 


36. 
37- 
38. 
39- 


40. 


41. 
. Dickerson, R. E., “Stratigraphy and Fauna of the Tejon Eocene of California,” 


, “Some American Eocene Buliminas,’’? Contrib. Cushman Lab. Foram. 


Research, 12, Pt. 2 (1936): pp. 39-45. 

CUSHMAN, J.A 5 and PoNnTON, G. M., “An Eocene Foraminiferal Fauna of Wilcox 
Age from Alabama,” C contrib. Cushman Lab. Foram. Research, Vol. 8, Pt. 3 (1932), 
Pp. 51-72. 

CusHMAN, J. A., and Scuencx, H. G., “Two Foraminiferal Faunules from the 
Oregon Tertiary,’ Bull. Univ. California Pub. Geol., Vol. 17, No. 9 (1928), pp. 


305-24. 
CusHMaN, J. A., and Stecrus, S. S., “New Species of Foraminifera from the Kreyen- 
hagen Shale of Fresno County, California,’’ Contrib. Cushman Lab. Foram. Re- 


search, Vol. 11, Pt. 4 (1935), pp. 90-95. 
, “Some New and Interesting Foraminifera from the Kreyenhagen Shale of 


California,” Contrib. Cushman Lab. Foram. Research, Vol. 15, Pt. 2 (1939), pp. 
23-33. 

CusHMAN, J. A., and Tuomas, N. L., “Abundant Foraminifera of the East Texas 
Greensands,”’ "Jour. Paleon., Vol. ‘ No. 2 (1929), pp. 176-84. 

. “Common Foraminifera of the East Texas Greensands,” Jour. Paleon., 


Vol. 4, No. 1 (1930), pp. 33-41. 


Univ. California Pub. Geol., Vol. 9, No. 17 (1916), pp. 363-524. 


. Emmons, W. H., Geology of Petroleum, 2d. ed., p. 425. McGraw-Hill Book Company, 


Inc. (1931). 


. Encutsu, W. A., “Geology and Petroleum Resources of Northwestern Kern County, 


California,” U.S. Geol. Survey Bull. 721 (1929), Pl. 1. 


. Estorrr, F. E. von, “Kreyenhagen Shale at Type Locality, Fresno County, Cali- 


fornia,” Bull. Amer. Assoc. Petrol. Geol., Vol. 14, No. 10 (October, 1930), pp. 
1321-36. 


. GaLLoway, J. J., and Morrey, M., “Late Cretaceous Foraminifera from Tabasco, 


Mexico, 9 Tour. Paleon., Vol. 5, No. 4 (1931), PP. 329-54. 


Goupxorr, “Subsurface Stratigraphy of Kettleman Hills Oil Field, Cali- 


fornia,’ ’ Bull. Amer. Assoc. Petrol. Geol., Vol. 18, No. 4 (April, 1934), pp. 435-75. 


. HANNA, o D., “Some Eocene Foraminifera Near Vacaville, California,” Bull. 


Univ. California Pub. Geol., Vol. 14, No. 9 (1923), pp. 319-28. 
, and Hanna, M. rs “Foraminifera from the Eocene of Cowlitz River, 
Lewis County, Washington,”’ Univ. Washington Pub. Geol., Vol. 1, No. 4 (1924), 


PP. 57-64. 


. Hanna, M. A., “An Eocene Invertebrate Fauna from the LaJolla Quadrangle, 


California,” Univ. California Pub. Geol., Vol. 16, No. 8 (1927), pp. 247-398. 


. Hoots, H. W., “Geology and Oil Resources along the Southern Border of San 


Joaquin Valley, California,” U. S. Geol. Survey Bull. 812-D (1930), pp. 248-58. 


. Hucues, D. D., and Larmine, Boris, ‘Notes on the Distribution of the Kreyen- 


hagen Foraminiferal Fauna along the Western Border of the San Joaquin 
Valley,” paper read before the Pacific Section, Soc. of Econ. Paleon. and Mineral., 


April 3, 1933. 


. Jenkins, O. P., “Stratigraphic Significance of the Kreyenhagen Shale of Cali- 


fornia,’ Mining in California, California State Mineral Rept., Vol. 27, No. 2 


(1931), pp. 141-86. : 
Kew, W. S. W., “Geology and Oil Resources of a Part of Los Angeles and Ventura 


Counties, California,” U.S. Geol. Survey Bull. 753 (1924), pp. 14-30. 


. Kapp, A., “Technical Papers and Their Presentation,” Bull. Amer. Assoc. Petrol. 


Geol., Vol. 12, No. 1 (January, 1928), pp. 77-83. 


. KLerpett, R. M., “Difficulty of Using Cartographic Terminology in Historical 


Geology,’”’ Bull. Amer. Assoc. Petrol. Geol., Vol. 18, No. 3 (March, 1934), pp. 
374-79. 


| Miocene Stratigraphy of California (Amer. Assoc. Petrol. Geol., 1938), pp. 
102-03, Fig. 14; pp. 11-10, Fig. 5. 


. Netson, R. N., “A iesehiitckion 4 the Paleontology of the Martinez Eocene of 


California,” Bull. Univ. California Dept. Geol., Vol. 15, No. 11 (1925), pp. 397- 
66 


; Nurratt, W. L. F., “Eocene Foraminifera from Mexico,” Jour. Paleon., Vol. 4, 


No. 3 (1930), PP. 271-93. 
‘Lower Oligocene Foraminifera from Mexico,” Jour. Paleon., Vol. 6, No. 1 


(1932), Pp. 3-35- 


44 
45 

46 

47 

48) 

49. 

59 

51 

52 

55 

56 

$7. - 

58 

59 

60. 


FORAMINIFERAL CORRELATIONS IN EOCENE 1939 


, “Upper Eocene Foraminifera from Venezuela,” Jour. Paleon., Vol. 9, No. 
2 (1935), 121-31. 

Patmer, D. B. K., “A Fauna from the Middle Eocene Shales Near Vacaville, 
California,” Bull. Univ. California Dept. Geol., Vol. 14, No. 8 (1923), p. 290. 


. Parker, F. L., and BErmupeEz, P. J., ““Eocene Species of the Genera Bulimina and 


Buliminella from Cuba,” Jour. Paleon., Vol. 11, No. 6 (1937); Pp. 513-16. 


. PLumMER, H. , “Foraminifera of the Midway Formation in Texas,” Univ. Texas 


Bull. 2644 1926). 


. REED, R. D., Geology of California (Amer. Assoc. Petrol. Geol., 1933), pp. 190-6a: 


, and HOtuisteR, J. S., “Structural Evolution of Southern California,” Bull. 
Amer. Assoc. Petrol. Geol., Vol. 20, No. 12 (December, 1936), pp. 1559-74. 


. ScHENCK, H. G., “The Biostratigraphic Aspect of Micropaleontology,’’ Jour. 


Paleon., Vol. 2, No. 2 (1928), pp. 158-65. 
, and KLEINpPELL, R. M., “Refugian Stage of Pacific Coast Tertiary,” Bull. 
Amer. Assoc. Petrol. Geol. Vol. 20, No. 2 (February, 1936), PP. 215-25. 


. SrmMonson, R. R. , “Oligocene Correlations North of Coalinga,” paper read before 


the Pacific Section, Soc. of Econ. Paleon. and Mineral., April 5, 1940. 


. TURNER, F. E., “Stratigraphy and Mollusca of the Eocene of Western Oregon,” 


Geol. Soc. America Spec. Paper 10 (1938). 


. Voxgs, H. E., “Molluscan Faunas of the Domengine and Arroyo Hondo Forma- 


tions af the California Eocene,” Annals New York Acad. Sct., Vol. 38 (1939), 
pp. 1-246. 


. WEAVER, C. E., ‘Eocene of Lower Cowlitz River Valley, Washington,’ Proc. 


California Acad. Sci., 4th Ser., Vol. 6, No. 1 (1916), pp. 1-17. 


. WEINZIERL, L. L., and ApPLtn, "E. R:, The Claiborne Formation on the Coastal 


Domes,” "Jour. Paleon., Vol. 3, No. “ (1929), pp. 384-410. 


4. Waite, R. T., “Eocene Lodo Formation and Cerros Member of California,’’ Proc. 


Geol. Soc. America for 1937 (1938), pp. 256-57. 
, “Eocene Yokut Sandstone North of Coalinga, California,’ paper read 
before the Sixth Pacific Science Congress, July 31, 1939, Bull. Amer. Assoc. 
Petrol. Geol., Vol. 24, No. 10 (October, 1940). 


61. 
62. 
63 
64 
65 
66. 
67 
68. 
69 
79 
71 
72 
. 73 
7 

‘Sy 


BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
VOL. 24, NO. 11 (NOVEMBER, 1940), PP. 1940-1949, 4 FIGS. 


EOCENE EXPLORATION IN CALIFORNIA! 


F. A. MENKEN? 
San Francisco, California 


ABSTRACT 

Although Eocene production has been known in California for 40 years, it was not 
recognized as an important producing zone until the recent discovery of Eocene pro- 
duction at Kettleman Hills and Coalinga. The stratigraphic types of accumulations as 
at Coalinga have been the impetus for detailed study of Eocene deposition and dis- 
tribution. The Eocene of California is characterized by unconformities, lenticularity, 
facies changes, and extreme variations in thicknesses. The present trend is toward 
remapping of the outcrop section, correlating and rezoning of the formations and 
delineation of possible stratigraphic and structural prospects. From present data it 
appears that the most likely area for future Eocene discoveries is the west-central and 
southern San Joaquin Valley. The Santa Maria Basin and western Los Angeles Basin 
are void of Eocene. The prospects in the Santa Barbara, Coastal, and Santa Clara Val- 
ley provinces are limited by reason of apparent lack of porosity. 

In California during the past few years, and particularly since 
1938, prospecting and geological exploration have to a large extent 
been directed toward Eocene formations. Prior to this time little con- 
sideration had been given to the prospects of commercial production 
from the Eocene due primarily to the many discoveries throughout the 
state from both the Pliocene and Miocene. The discovery of com- 
mercial production from the Eocene at Kettleman Hills in 1937 
stimulated interest in Eocene possibilities, and the discovery of pro- 
lific production in a new area near Coalinga in 1938 made the petro- 
leum geologist, in California, Eocene-conscious. The ensuing drilling 
for the Eocene and the interest and attention directed toward this 
formation by geologists and engineers, coupled with much publicity, 
have perhaps given the impression that a new productive formation 
had been discovered in California. Quite on the contrary, Eocene 
production has been known for 40 years, and reference to its oil pos- 
sibilities are contained in several early geological publications. 

In 1900 production was discovered in what is now the Simi oil field, 
30 miles east of Ventura. Two productive sands were found at a shal- 
low depth of 1,000 feet or less. These two sands are 180 and 550 feet, 
respectively, below the top of the Eocene of this district, which is con- 
sidered by many to be very young Eocene. Although the field is small 
and at present production hardly commercial, it is still producing 100 
barrels per day from 54 wells. The discovery of this field did establish 
the Eocene as a producing formation in California, and later publica- 
tions’ have referred to the Eocene as the probable source of oil in 

1 Read before the Association at Chicago, April 12, 1940, by John C. May. Manu- 
script received, June 11, 1940. 

2 Chief geologist, Tide Water Associated Oil Company, Associated Division. 

3 W. S. W. Kew, U. S. Geol. Survey Bull. 753 (1924), p. 111. ‘‘Where Sespe is not 
underlain by the Eocene, however, it [Sespe] is barren of oil.” 
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several fields in the Santa Clara Valley. The rapid development of 
prolific Pliccene and Miocene production, however, detracted from 
Eocene prospecting or consideration of the prospects of this formation. 

During the early development of Kettleman Hills (1933) an out- 
post well was drilled which failed to produce from the then known 
Micoene productive sands. The well was then deepened to 11,000 feet 
and encountered Eocene sands from which some oil was produced. 
Although this well did not produce commercially, and after thorough 
testing was abandoned, it led to the general opinion that Kettleman 
Hills should be underlain by productive Eocene sands and the Eocene 
began to be recognized as a potential source of oil. 

At this same time the seismograph was finding an important place 
in exploration, and through its application the Tracy gas field, 60 
miles east of San Francisco, was discovered. This gas production is 
from the Cretaceous. The close proximity of Tracy to industrial 
centers prompted further exploration for gas and in 1936 one of Cali- 
fornia’s largest gas fields was discovered at Rio Vista, 60 miles north- 
east of San Francisco. The gas production in this field is from upper 
Eocene sands and its discovery established the Eocene as a potential 
source of gas in the lower Sacramento Valley. Although the gas is dry, 
in the Rio Vista gas field there is a very small amount of condensate 
collected at the wells. This condensate has a light amber color, a very 
pungent odor, and in characteristics is more like a refined product 
such as stove oil. The occurrence of this exceptional condensate, ob- 
viously an oil, gave further impetus to the growing interest in the 
Eocene. 

Upon failing to find production in the Miocene (Temblor- 
Vaqueros) in an edge well at Kettleman Hills, the Kettleman North 
Dome Association, cognizant of the prospects indicated by the previ- 
ous well, deepened their well to the Eocene sands. In July, 1937, the 
well was completed at a depth of 10,753 feet, flowing 1,200 barrels of 
46.7° gravity oil and 19,500,000 cubic feet of gas. This successful com- 
pletion firmly established the Eocene as productive. 

Early in 1938, an Eocene test well was spudded on the East Coa- 
linga anticline, which resulted in the discovery of a prolific new field. 
The discovery well was completed at a depth of 6,908 feet with an 
initial daily production of 8,000 barrels of 32.1° gravity oil. 

With this discovery there immediately followed a decided turn in 
exploration for Eocene production, and the attention of geologists was 
definitely focused on the problems of Eocene stratigraphy and struc- 
ture. Many prospect wells were drilled, accompanied by a brisk leasing 
campaign extending northerly along the west side of the San Joaquin 


1942 F. A. MENKEN 


RELIEF MAP OF CALIFORNIA -N.F. DRAKE 


SHOWING BOUNDARIES OF 
PRODUCING AREAS 
AND 


AREAS UNDERLAIN BY 
EOCENE SEDIMENTS 


-F. A. MENKEN 
1940 


EOCENE AREAS 


Fic. 1.—Relief map of California. 


\ 


EOCENE EXPLORATION IN CALIFORNIA 1943 


Valley, from Coalinga. One new productive area was discovered in 
1939, 6 miles north of the new East Coalinga field. Subsequent develop- 
ment suggests that it may be an extension of the East Coalinga field, 
rather than a new field. Eocene test wells were drilled along the Turk 
anticline, around Coalinga and in the south-central and southern San 
Joaquin Valley. Additional wells were drilled to the newly discovered 
Eocene sands at East Side Coalinga, where 66 wells have been com- 
pleted, and in the North Dome Kettleman Hills where 8 wells were 
completed (March 15, 1940). 

The importance of recent Eocene discoveries as indicative of po- - 
tential deep zones in proved fields is restricted to only a part of Cali- 
fornia’s productive areas. The distribution of Eocene formations is 
shown on the relief map (Fig. 1) on which there has been superimposed 
the productive basins or areas. It will be noted that Eocene sediments 
cover the greater part of the San Joaquin Valley. In the Tracy area in 
the northern extremity of the San Joaquin Valley, Eocene, Oligocene, 
and lower Miocene are missing; also in the southern end of the Valley, 
southeast and east of Bakersfield, Miocene sediments rest directly on 
granite. 

In the Santa Maria Basin the Eocene is not present, the Miocene 
resting directly on serpentines or older beds generally referred to as 
Jurassic in age. Eocene sediments, however, are present in the entire 
coastal area, including the Santa Barbara coast and Santa Clara Val- 
ley, and, where within reach of the drilll, are a potential source of oil. 
The degree of hardness and imperviousness of the Eocene in certain 
localities may preclude obtaining commercial production. 

Within the Los Angeles Basin wells drilled along the western part 
from Wilmington to Santa Monica have delineated an area in which 
no Eocene is found, the area being one where middle Miocene rests on 
metamorphics, presumably of Jurassic age. In the eastern part of the 
Los Angeles Basin, Eocene beds are exposed in the outcrop section, 
and probably the same beds underlie some of the known oil fields in 
this part of the basin. 

Besides the irregular distribution of Eocene in the producing areas, 
the rapid changes within the formation itself present a complex prob- 
lem to the petroleum geologist. Lenticularity, unconformities, and 
facies changes are common; thicknesses vary from a few feet to several 
thousand feet in relatively short distances (Cantua sandstone, Point 
of Rocks sand). The Eocene formations represent all types of sedi- 
ments ranging from conglomerates to clays, and in many localities are 
characterized by interbedded glauconitic sands and coal or lignite. 
The sands, as a rule, are clean and well sorted, containing a high per- 
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centage of quartz and feldspars; as high as 85 per cent quartz has been 
reported in some of the sands, and, commonly, sands high in these two 


' minerals are referred to as glass sands. The formation as a whole is a 
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Fic. 2.—Eocene formations in Coalinga district. 


marine or brackish-water deposit, and in numerous localities is very 
organic and fossiliferous. Oil seepages are not uncommon. 

The transgression of the Domengine, upper Eocene, is characteris- 
tic, and in many places these beds are found over-riding the entire 
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lower Eocene and are in contact with various members of the Creta- 
ceous section. This variable character of the Eocene rocks is well dem- 
onstrated by the surface mapping in the vicinity of Coalinga (Fig. 2). 

There are two groups of the known Eocene accumulations: 
(1) structural and (2) stratigraphic. Structural accumulations include 
the Kettleman Hills, the Rio Vista gas field, and the McDonald 
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Fic. 3.—Kettleman Hills North Dome; McAdams (Eocene) sand contours. 


Island gas field. Figure 3, an Eocene contour map of the North Dome, 
Kettleman Hills, indicates the general outline and size of this field 
and the status of wells. Currently there are 6 wells drilling or preparing 
to drill to the Eocene; 8 wells have already been completed. The 
depths of these wells vary according to structural location, from 9,855 
feet to 10,865 feet. Wells are generally completed with an open zone 
ranging from 33 to 4oo feet and range in initial production from 300 
barrels to 1,500 barrels. The gravity of the oil varies from 30° to 49° 
A.P.I. Gas-oil ratios vary from 885 cubic feet per barrel to 48,500 cubic 
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Fic. 4.—Structure section through East Coalinga Eocene pool, showing northwestward 
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feet per barrel. Flow pressures run as high as 3,500 pounds. Currently 
the deep sand is being developed on a 4o-acre spacing pattern. The 
productive sands in the northwest part of the field are hard, compact, 
rather poorly sorted, quartzitic with interspersed black, well rounded 
cherty grains, gradually becoming finer-textured and less permeable 
toward the southeast. 

The Rio Vista and McDonald Island gas fields are also anticlinal 
accumulations. In contrast to Kettleman Hills these structures are 
broad folds with gently dipping flanks. Wells in these two fields are 
4,500-5,300 feet deep, and are capable of gas production ranging from 
25 million to 40 million cubic feet per day from 100-300 feet of sand 
penetration. The indicated productive area of these ee is 5,000 
acres and 1,200 acres, respectively. 

Stratignphic accumulations include the east side Coalinga 
(Gatchell) pool and the northeast Coalinga area (Amerada). Figure 2 
shows the structure of this area which is a southeasterly plunging 
anticline without structural closure. It will be noted that the Eocene 
production is well down the plunge of the structure and largely on the 
east flank, the westerly limit of sand deposition effecting closure. The 
productive Eocene sands (Gatchell sand) either lens out within a 
short distance or change to siltstone updip as shown in Figure 4. The 
abruptness with which this thick sand body (600 feet) lenses out or be- 
comes siltstone is significant in visualizing the stratigraphic problems 
with which the petroleum geologist is confronted, not only in selecting 
well locations but in evaluating the prospects of any removed property 
or area. Probably no single discovery of recent years has been the 
subject of as much discussion and controversy as to whether the sand 
is lenticular, or whether the updip pinch-out is a facies change, and 
what position the sand occupies in the Eocene section. In spite of these 
controversies and unsolved questions, due recognition must be given 
the discoverers of this field for their original premise of overlapped 
sands in the Eocene. 

The absence of sand in some of the first wells drilled following dis- 
covery, even though within } mile of production, emphasized the im- 
portance and problems of the east Coalinga accumulation. There 
immediately began an intensive program of remapping the outcrop 
section and a study of the Eocene deposition, the purpose being largely 
to determine whether or not other adjacent areas could be expected to 
hold prospects for similar stratigraphic accumulations. Geophysical 
surveys, largely reflection-seismograph, were employed to detail 
the structure in the valley floor, as well as to attempt to delineate the 
margin of sands such as the Gatchell sand. Apparently the latter is 
beyond the limitations of present geophysical methods. 
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From field work and well cores the Eocene section has been re- 
zoned into a number of newly defined units from which more accurate 
determinations of overlap, unconformities and lenticularity are ex- 
pected. There is also being considered the possible relationship of 
Eocene deposition and structure to the older Cretaceous structural 
trends which, in general, do not follow the northwest-southeast trend 
so common in the Miocene and Pliocene. 

Since geological studies of the Eocene have been carried on most 
intensely in the Coalinga district, and northward, Eocene test wells 
have, for the greater part, been drilled in this area, these test wells were 
located either in areas thought to have possibilities of a stratigraphic 
trap or on folds mapped by geophysics. The greatest amount of 
prospect drilling has been on the Turk anticline northeast of Coalinga, 
and although the small closures on this line of folding have proved 
unproductive, the records of the wells suggest an irregular distribution 
of Eocene sands; consequently, further drilling has been prompted in 
an attempt to obtain production from pinched-out sands along the 
plunge of Turk anticline. 

In the southern San Joaquin Valley, a few wells which failed to 
develop production in the Miocene were carried down to the Eocene. 
A few oil showings were logged but no commercial production found; 
the character of the sands cored, however, is such as to suggest that 
they are capable of being an ideal reservoir medium, and may possibly 
be productive in some of the Valley fields where they are within reach 
of the drill. Among the Valley fields where such prospects exist are 
(1) North Belridge, (2) Lost Hills, (3) Sunset Midway, (4) Wheeler 
Ridge, (5) Rio Bravo, and (6) Greeley. In most of the other fields 
where Eocene can be expected, the depth to the sands is probably be- 
yond present drilling limits. 

From present data, the prospects for Eocene production in the 
Los Angeles Basin are very uncertain; it is known, however, from 
deep drilling in some fields on the western border that Eocene rocks 
are lacking. 

In the Santa Clara Valley, and Santa Barbara coastal area, the in- 
durated character of the Eocene sands and the small production 
obtained to date tend to discourage any immediate prospecting or de- 
velopment in these areas, even though it is recognized that this forma- 
tion is a potential source of oil. 

Continued studies of the Eocene in an effort to understand the 
nature of its deposition and distribution should result in as compre- 
hensive a knowledge as is now common to the Miocene and Pliocene. 
No doubt further Eocene discoveries will be made as this work pro- 
gresses. 
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BUCKEYE OIL FIELD, GLADWIN COUNTY, MICHIGAN! 


CARL C. ADDISON? 
Saginaw, Michigan 


ABSTRACT 

The Buckeye oil field, located in T. 18 N., R. 1 W., Gladwin County, Michigan, 
was discovered in 1936, and represents a structural accumulation similar to other pools 
in the Michigan basin. The field consists of two separate oil pools, quite unlike in their 
ability to produce oil. Though the two pools are comparable as to size, structure, and 
age, the north pool had produced by the end of 1939 approximately 13 million barrels 
of oil as compared with less than 3,400,000 barrels for South Buckeye. This difference 
in productivity is attributed to a lateral change in the lithology of the producing lime- 
stone resulting in decreased porosity and lower permeability. Since a thick mantle of 
glacial drift masks the surface of the field and a wide area surrounding it, all information 
concerning the two fields has been derived from subsurface studies of drillers’ logs and 
well cuttings. Subsurface maps show the structure to be a northwest-southeast trending, 
asymmetrical, nearly flat-topped anticline, with maximum dips approaching 200 feet 
per mile along the southwest flank. Formations drilled are Pennsylvanian, Mississip- 
pian, and Devonian in age, while production is from the Devonian Dundee limestone. 
Producing wells average 3,627 feet in depth. The source of the oil and the origin of the 
porosity can not be demonstrated but the various lines of reasoning which have been 
applied in attempts to arrive at the truth concerning these matters are discussed. 


History oF Ort AND GAS DEVELOPMENT IN MICHIGAN 


Development of commercial oil and gas fields in Michigan has been 
limited to the Lower Peninsula, with the greater part of production 
from the central third of this area. The first commercial field, produc- 
ing from the Berea sand, was discovered at the city of Saginaw in 1924. 
Although interest was stimulated in 1927 by the discovery of oil at 
Muskegon in the western part of the state, it was not until the follow- 
ing year, when the Mt. Pleasant field in central Michigan was opened, 
that the attention of the industry was seriously directed to Michigan. 
Wildcatting increased and new discoveries resulted at a fairly rapid 
rate. Leaton was added in 1929, Vernon in 1930, Porter in 1931, 
Oceana and Yost in 1932, West Branch in 1933, Crystal and Beaver- 
ton in 1934, Sherman, Buckeye, and Clayton in 1936, and Bentley, 

1 Read before the Association at Chicago, April 11, 1940. Manuscript received, 
June 11, 1940. 


2 Division geologist, The Pure Oil Company. Many geologists and operators inter- 
ested in the development of the Buckeye field have contributed information and advice 
during the preparation of this paper, and the assistance of these contributors is hereby 
acknowledged. Special thanks are due to Theron Wasson, chief geologist of The Pure 
Oil Company and to his assistant, Miss Lou Williams, for assistance in editing the manu- 
script and in supervising the drafting of plates and illustrations. To Charles K. Clark, 
assistant geologist in the Saginaw office of The Pure Oil Company, who prepared all 
sample logs used in this study, special recognition is due. An important contribution was 
made by Jed B. Maebius, district geologist for the Gulf Refining Company, who recog- 
nized and called to the attention of the writer the marked lithologic differences in the 
limestone in the pay section of North Buckeye as compared with South Buckeye. Valu- 
able criticism of the original manuscript which led to corrections and improvements was 
offered by R. B. Newcombe of Grand Rapids, Michigan. 
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Fic, 1.—Index map showing oil and gas fields of Michigan. 
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Adams, and Salem in 1937. Edenville, Temple, Wise, and eight Traverse 
pools in the southwestern part of the state were brought in during 
1938. The year 1939 was occupied in developing discoveries of the 
previous year, including the Walker field, near the city of Grand 
Rapids, which by far outranks all previous Traverse discoveries in 
size. 

In addition to oil production, more than six gas fields have been 
developed, of which the most important is the Six Lakes field, located 
in northern Montcalm County and southeastern Mecosta County. 

From a total of only 94,000 barrels in 1925, Michigan’s oil output 
has grown steadily until in 1939 its production of 23,400,000 barrels 
placed it eighth among the oil-producing states of the nation. New 
Mexico, which ranked seventh, exceeded Michigan by about 14 mil- 
lion barrels, and Arkansas, in ninth place, fell more than 2 million 
barrels short of equalling Michigan’s output. In comparison with pro- 
duction in foreign countries, Michigan’s total exceeded that of Colom- 
bia and fell only 6 million barrels short of that of Iraq. 

The Buckeye field, the state’s largest producer in 1938, with a total 
production of 7,385,000 barrels of oil, ranked fourth in importance in 
1939. 

REGIONAL GEOLOGY OF MICHIGAN BASIN 


The state of Michigan has long been recognized as a nearly perfect 
structural basin. Alexander Winchell’ in 1860 pointed out in a popular 
discussion that the rock formations of the Lower Peninsula might be 
likened to a nest of dishes, with the youngest formations outcropping 
at the center and successively older formations reaching the surface 
in all directions toward the edges of the peninsula. Development 
through the years has demonstrated the validity of Winchell’s idea. 
Writing nearly 70 years later, R. B. Newcombe‘ states: 


The area comprising the Michigan Basin province includes about 106,700 
square miles and stretches from Fort Wayne, Indiana, on the south, to White- 
fish Point near Sault Sainte Marie, Michigan, on the north, and from west 
to east about 370 miles. The State of Michigan makes up nearly half of the 
province and another third includes Lake Michigan and Lake Huron, which 
are entirely within the area. Small portions of the States of Wisconsin, Illinois, 
Indiana, Ohio and the province of Ontario, Canada, account for the remainder 
of the Basin province. ... 


Further drilling has shown that it is necessary to complicate the 


8 Alexander Winchell, First Biennial Report of Progress of the Geological Survey of 
Michigan (1861), p. 44. 

* R. B. Newcombe, “Oil and Gas Fields of Michigan,” Michigan Geol. Survey Pub. 
38, Geol. Ser. 32 (1932), p. 7. 
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simple “dish concept” by imagining imperfections in the plates which 
take the form of wrinkles essentially parallel with the longer axis of the 
basin. These “‘wrinkles” are the predominantly northwest-southeast 
trending structures on which commercial accumulations of oil and gas 
are found. 

Owing to the fact that insufficient deep drilling has been done in the 
state to establish definitely the structural relations of the rocks below 
the Dundee to those above, the details of the structural history of 
Michigan are not completely understood. Most workers believe that 
structural movements in the region were periodic and progressive at 
least from late Ordovician through Permian time. Newcombe’ cites 
evidence that “the mountain building disturbances in the eastern 
United States in late Ordovician (Taconic), late Middle Devonian 
(Brunswick), and Permian (Appalachian) 7 were probably felt exten- 
sively as far west as the Michigan region.” 

Pirtle® states that “the Michigan basin is a broad structural and 
sedimentary basin probably originating in pre-Cambrian time.” He 
believes the origin of the folds within the basin to be closely related to 
the structure of the basin itself, and that the horizontal stresses set 
up as the result of regional diastrophism during several periods re- 
sulted in folds which were controlled mainly by trends of folding or 
lines of structural weakness which existed in the old basement rocks. 

Ballard’? concludes that two major periods of folding, (1) post- 
lower Helderberg, pre-Onondaga and (2) post-Mississippian, pre- 
Pennsylvanian, as well as several periods of minor folding, have in- 
fluenced the area. 

As the result of the present investigation, the writer believes that 
the major folding which established the definite northwest-southeast 
structural trends along which most of Michigan’s oil fields are found, 
took place in late middle, or upper, Mississippian time. The Marshall 
sandstone (Osage) and the Michigan “series”? (Meramec) reflect the 
essential features of Dundee structure and appear to have been in- 
volved in the major folding, while Bayport (upper Meramec?) and the 
overlying Pennsylvanian rocks reflect deep structure much less 
perfectly. 

It should be stated, however, that while middle Mississippian rocks 
reflect the essential features of the Dundee structure this reflection is 


5 R. B. Newcombe, of. cit., pp. 94-95. 


6 George W. Pirtle, ‘“Michigan Structural Basin and Its Relationship to Surround- 
ing Areas,” Bull. Amer. Assoc. Petrol. Geol., Vol. 16, No. 2 (February, 1932), pp. 145-52. 


7 Norval Ballard, ‘Stratigraphy and Structural History of East-Central United 
States,” Bull. Amer. Assoc. Petrol. Geol., Vol. 22, No. 11 (November, 1938), p. 1548. 
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by no means perfect as to detail and that older periods of minor folding 
may have been very important in the accumulation of oil. This is sug- 
gested in several Michigan oil fields by the fact that the pools are 
oriented in a direction more or less transverse to the regional trends, 
and that this transverse relationship can be best explained by the 
assumption of middle Devonian cross-folding, originating soon after 
the deposition of the producing Dundee limestone. 

Nearly the entire Lower Peninsula is covered by glacial deposits 
which vary in thickness from a few feet along the edges of the basin 
to more than 1,000 feet near its center. In the central part of the state 
the drift rests on Pennsylvanian rock, overlapping on successively 
older beds of Mississippian and Devonian age as the edges of the basin 
are approached. 

The oil- and gas-bearing rocks of Michigan range from Mississip- 
pian to Ordovician in age.§ To date, however, commercial production 
has been restricted mainly to Mississippian and Devonian rocks: the 
Berea sandstone, various formations in the Traverse group, Dundee 
limestone, and Detroit River (Monroe) dolomite, with only subordinate 
production from the Trenton limestone of Ordovician age. The Dun- 
dee limestone outweighs all other producing formations in importance. 


LOCATION OF BUCKEYE FIELD 


Buckeye Township (T. 18 N., R. 1 W.), from which the Buckeye 
field takes its name, is located in Gladwin County, Michigan. The 
field is largely restricted to the eastern half of this township though a 
few wells lie east of the range line in Hay Township (T. 18 N., R. 1 E.). 
Local headquarters for the oil industry is the town of Gladwin, popu- 
lation approximately 2,000, which is located about 2 miles west of the 
northwestern limit of the field. The town is served by a good highway 
and by a spur of the Michigan Central Railroad. The cities of Saginaw, 
Bay City, Mt. Pleasant, and Midland all lie within a radius of 50 
miles of the field and all are readily accessible by highway. 


TOPOGRAPHY AND CULTURE 


The Buckeye field is located on a nearly flat surface sloping gently 
southeastward. Minimum elevations at the southeast edge of the field 
approximate 725 feet above sea-level, the terrane rising gradually to 
770 feet at its northwestern limit. The area is mainly cut-over timber- 
land of little value for farming or grazing. 


8 B. F. Hake, “Geologic Occurrence of Oil and Gas in Michigan,” Bull. Amer. 
Assoc. Petrol. Geol., Vol. 22, No. 4 (April, 1938), pp. 393-415. 
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Fic. 3.—South Buckeye field. 
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HISTORY 


The discovery of the Buckeye field was the result of a program of 
wildcatting which developed after the discovery of oil in Sections 2, 
3, and 11, Beaverton Township (T. 17 N., R. 2 W.) late in 1934. When 
the location for Goll, Graves, and Mechling’s Oard No. 1, which later 
became the discovery well of the Buckeye field, was announced on 
April 28, 1936, only 20 Dundee tests had been completed in Gladwin 
County. Ten of these wells were small producers in the North Beaver- 
ton pool and seven were dry holes in the immediate vicinity of produc- 
tion. The three remaining dry holes gave some subsurface control in 
the area, although that nearest the Buckeye field, the Charles G. 
McClure dry hole, drilled in 1913, was in Sec. 7, Buckeye Township. 
The other two dry holes were widely separated, one located in Sec. 1, 
Grout Township (T. 18 N., R. 2 W.) and the other in Sec. 24, Bentley 
Township (T. 17 N., R. 2 E.). In addition to these deep tests a well 
had been drilled to the Marshall sandstone in Sec. 28, Billings Town- 
ship (T. 17 N., R. 1 E.). In view of this scattered subsurface control 
and the absence of rock outcrops in the area it is obvious that no 
positive evidence of the structure existed previous to drilling. Some 
miles southeast, however, in northwestern Bay County, there were 
definite evidences of an anticlinal trend and it was possible to project 
this trend into Buckeye Township with some substantiating. sub- 
surface evidence that such projection was justified. Thus, as has been 
the case with most Michigan discoveries, the Buckeye field may be 
said to have resulted from subsurface work plus trend projection 
along a line essentially parallel with previously developed structures. 
Geological work was done by Virgil R. D. Kirkham and the discovery 
well was drilled on his recommendation. 

Buckeye, although usually referred to as one field, really consists 
of two separate oil pools. The South Buckeye or ‘“‘Oard” pool was dis- 
covered in July, 1936, when Goll, Graves, and Mechling’s Oard No. 1 
was completed in the Dundee limestone as a commercial producer. 
Discovery of the North Buckeye pool was made in December of the 
same year with the completion of J. V. Wicklund Company’s State 
“A” No. 1, which had a potential of 1,292 barrels per day. The Oard 
well, located in the SW. 3, SW. 3, SE. } of Sec. 25, T. 18 N., R. 1 W. 
(Buckeye Township), produced only 25 barrels per day natural, but 
responded moderately to acid treatment and was rated at 135 barrels 
per day on completion. The second producer, drilled by C. L. Maguire 
on the Ray C. Haven farm, } mile west of the discovery well, was 
completed in September, producing 80 barrels per day after acid. 
Owing to the small output of the first two wells subsequent develop- 
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Fic. 4.—North Buckeye field. 
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ment was slow. The outlook for the field was not improved when 
Gordon Oil Company’s Ray C. Haven “B” No. 1, west offset to the 
Oard well, was completed in October, producing only 65 barrels daily 
after treatment with acid. 

Late in December, however, activity in the township was greatly 
stimulated by the Wicklund Company’s 1,292-barrel discovery in the 
SW. 4, SW. 4, SE. 4 of Sec. 11. Several tests in the vicinity of the 
new producer were started at once. All of these wells were eventually 
completed, with initial flows varying from goo to 2,000 barrels a day, 
and inaugurated a period of very rapid development for the north 
pool. 

In February, 1937, interest in the south pool was renewed when 
Gordon Oil Company’s Ray C. Haven “A” No. 1, located in the 
NE. +, SW. 4, NW. 3 of Sec. 36, was completed as an 800-barrel 
well. Since that time development has progressed at a rapid rate in 
both fields, a total of 262 oil wells in the north pool and 186 in the 
south pool having been completed by the end of 1939. 


GENERAL GEOLOGY 


No outcrops are found in the Buckeye area, the nearly flat surface 
being covered by 200-300 feet of glacial drift. Therefore all knowledge 
of the stratigraphy and structure of the field has been developed 
through subsurface studies subsequent to drilling. 

The Buckeye field is located on a major anticlinal fold trending 
northwest-southeast, roughly paralleling most of the major producing 
structures in the state. The axis of the south pool conforms closely 
with the regional trend; that of the north pool is transverse in its rela- 
tionship with the regional trend, the axis in this case being nearly 
east-west. This transverse relationship, while by no means the rule 
in the state, is not uncommon, the Greendale field and the Redding 
pool of the Temple field being the best examples. In both North and 
South Buckeye dips on top of the structure range from gentle to nearly 
flat, but on the flanks slopes ranging from 80 to 200 feet per mile are 
indicated. A pronounced saddle separates the two pools. 

Production is from the Dundee limestone, several pay zones being 
encountered from 55 to go feet below the, base of the Bell shale. These 
zones are lenticular in character, vary considerably in thickness and 
permeability, and their porosity appears to have originated through 
the action of ground waters, circulating chiefly along bedding planes, 
and acting within a zone 30-35 feet thick. 
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STRATIGRAPHY 


DEVONIAN ROCKS 
DETROIT RIVER GROUP 


The Detroit River group (upper Monroe) is a series of dolomites, 
anhydrites, and salts, with an average thickness of 1,000-1,100 feet 
in the central part of the basin. Two tests have been drilled well into 
the Detroit River in the Buckeye area. The Mammoth Producing and 
Refining Company’s Boyd Oard No. 1, SW. 4, SW. 4, SE. 3 of Sec. 25, 
T. 18 N., R. 1. W., was drilled approximately 500 feet into the series. 
Since the record kept during the drilling of this hole is very poor, the 
exact position of the top of the Detroit River can not be determined. 
Drill cuttings taken between 3,840 and 4,330 feet, the total depth, 
consist of dolomite, anhydrite, and salt, and represent an evaporite 
series typical of the Detroit River group elsewhere in the state. In 
drilling this section a showing of gas was reported at 4,057 feet and 
salt water was logged at 4,063, 4,103, 4,255, and 4,330 feet. The J. V. 
Wicklund Company’s State “‘A”’ No. 1, SW. }, SW. 4, SE. } of Sec. 11, 
T. 18 N., R. 1 W., was deepened to a total depth of 4,696 feet, or 1,132 
feet below the base of the Bell shale. This well logged the base of the 
Bell shale at 3,534 feet, and top of Monroe at 3,804, indicating a thick- 
ness of 270 feet for the Rogers City-Dundee section, somewhat less 
than had been estimated from a study of the Oard well. Cuttings from 
the Wicklund test show the Detroit River section to consist of dolo- 
mite, gypsum, and salt, and to be similar in all respects to that drilled 
in Oard No. 1. On February 1, 1940, Wicklund’s State ‘“‘A” No. 1 was 
shut down at 4,696 feet with the possibility of deepening to the Syl- 
vania sandstone being considered by the operators. 

Outside of the Buckeye field, oil in commercial quantities has been 
discovered deep in the Detroit River section on the Kawkawlin struc- 
ture in Bay County, and in the Wisner field in Tuscola County. These 
new discoveries are still undeveloped, but, coupled with encouraging 
showings from this formation elsewhere in the state, clearly indicate 
the necessity for additional deep testing on the Buckeye structure. 


DUNDEE AND ROGERS CITY FORMATIONS 


The term, “Dundee” limestone, as generally used in the oil indus- 
try in Michigan, includes all rocks between the Bell shale (lowermost 
member of the Traverse group) and the top of the Detroit River group 
(upper Monroe). Recently, however, Ehlers and Radabaugh® have 

9 George M. Ehlers and Robert E. Radabaugh, ‘“The Rogers City Limestone, a 


New Middle Devonian Formation in Michigan,” Papers of the Michigan Academy of 
Science, Arts and Letters (University of Michigan Press, Ann Arbor, 1938), pp. 441-45. 
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shown on paleontologic evidence that in northern Michigan this sec- 
tion includes two separate formations, the Rogers City limestone 
above, and the Dundee limestone (restricted) below. In the Buckeye 
field, this conclusion is substantiated on subsurface evidence by the 
fact that the upper 60 feet of the ““Dundee”’ limestone is distinct litho- 
logically from the underlying rocks. 

The Dundee limestone (restricted) which produces most of Michi- 
gan’s oil, is a light gray to buff limestone, varying in texture from 
distinctly crystalline to nearly lithographic. Its thickness in the Buck- 
eye field is not known exactly, but estimates place it at approximately 
225 feet. 

The Rogers City limestone generally varies from 55 to 65 feet in 
thickness and consists of dense brown limestones of waxy or vitreous 
appearance, readily distinguishable from the lighter buff limestones 
below. The thickest sections of Rogers City limestone known to the 
writer are near the southeast edge of the south pool. There the Mc- 
Clanahan Oil Company’s Wineman No. 1, NE. }, SW. 4, SE. } of Sec. 
4, T. 17 N., R. 1 E., drilled 95 feet of the formation, and 75 feet of 
Rogers City rocks were logged in the McClanahan Oil Company’s 
Reua Corporation No. 1, NE. 3, NE. 3, SW. 3 of Sec. 11, T. 17 N., 
R.1 E. 

As an unconformity is commonly assumed to exist between the 
Bell shale and the Rogers City limestone, it has been suggested that 
the thicker sections represent areas which were subjected to less ero- 
sion. On this basis dry holes low on the flanks of the structure would 
be expected to show greater thicknesses of Rogers City limestone than 
producing wells high on structure. Apparently, however, this is not 
the fact, as Rogers City sections in very low wells west and north of 
the field are not appreciably thicker than those in the producing area. 
Thus it must be stated that no direct evidence of unconformity at the 
base of the Bell shale exists in the Buckeye area. However, at the 
Rogers City Quarry in Presque Isle County on the northern border of 
the southern peninsula an angular unconformity between dipping and 
slightly beveled Rogers City limestone and the Bell shale may be ob- 
served. Elsewhere in Michigan stratigraphic relationships between the 
Bell shale and the underlying rocks as studied from drill cuttings are 
such as to suggest a stratigraphic break, but this evidence can not be 
said to be conclusive. 

The porous beds which produce oil are lenticular in character and 
vary considerably in thickness and permeability. Numerous cross sec- 
tions plotted in various directions across the field, six of which are in- 
cluded in this paper (Figs. 6, 7, 8), indicate that pay zones are 
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distributed through 30-35 feet of section, and in the main constitute 
two major productive zones, essentially paralleling the bedding. The 
top of the upper “‘pay,” where present, ordinarily coincides closely 
with the top of the Dundee and lies 55—6o feet below the top of the 
Bell shale. 

Examination of well cuttings indicates a marked difference be- 
tween the limestone in the upper part of the Dundee in the north 
field and that in the south, and in this difference may lie the explana- 
tion of the very unequal amounts of oil recovered per acre drilled 
from these two closely adjacent and structurally similar pools. 

Immediately underlying the dark brown, dense Rogers City lime- 
stone in the north pool is a variable thickness of very light tan to 
white, nearly lithographic limestone, devoid of recognizable fossil ma- 
terial. The absence of evidences of crystallinity suggests that this ma- 
terial may be of chemical origin. Owing to the fact that very few wells 
have drilled to the base of this zone, little is known of its thickness 
or relationship to the underlying rocks. The minimum thickness of 
this material known to the writer in the north pool is the 24 feet en- 
countered in the Fortney Oil Company’s Miller No. 1, a small pro- 
ducer in the NE.}, NE.3, NE.} of Sec. 15. On the other hand, the 
Sun Oil Company’s Salla No. 1, SE.4, NW.4, SW.4 of Sec. 11, drilled 
68 feet of this limestone its 

In an equivalent stratigraphic position in the south pool, immedi- 
ately underlying the Rogers City limestone, the rock is tan to light 
brown, definitely crystalline, and contains fossil fragments. Cuttings 
are available from several wells in the producing area of the south pool 
which penetrated as much as 70 feet of limestone of this type without 
reaching its base, while the McClanahan Oil Company’s Reua Cor- 
porations No. 1, NE.3, NE.3, SW.} of Sec. 11, T. 17 N., R. 1 E., 
drilled 93 feet of this material, and under it penetrated 81 feet of 
nearly lithographic white limestone identical with that occurring in 
the pay zone in North Buckeye. The color and textural differences be- 
tween the limestones in the uppermost part of the Dundee in the two 
pools are sufficiently well marked to be obvious from a cursory ex- 
amination of cuttings without the aid of hand lens or microscope, and 
an experienced worker would have no difficulty in assigning an un- 
labelled set of samples from the Buckeye field to its proper pool at a 
glance. 

All Dundee cuttings available to the writer from the two fields 
have been examined to determine whether or not definite stratigraphic 
zones might be established which would be of assistance in solving the 
geologic history of the field. To date all such attempts have ended in 
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failure. The occurrence of the thick section of nearly lithographic 
white limestone in the McClanahan Oil Company’s Reua Corpora- 
tion No. 1, NE.}, NE.4, SW.3 of Sec. 11, T. 17 N., R. 1 E., below 
93 feet of tan to brown crystalline limestone typical of the South 
Buckeye pay zone, suggested the possibility that production from the 
north pool might be from a lower stratigraphic zone than that in the 
south pool, with the concomitant theory that pre-Rogers City erosion 
of some magnitude had eliminated the overlying rocks in the north 
area. Attractive as this hypothesis appeared, other evidence and other 
lines of reasoning rendered it untenable. For instance, the Fortney Oil 
Company’s Miller No. 1, NE.3, NE.3, NE.j of Sec. 15, after penetrat- 
ing 24 feet of white lithographic limestone typical of the North Buck- 
eye pay zone, logged 29 feet of tan granular fossiliferous limestone 
like that occurring in the pay zone in South Buckeye, thus apparently 
reversing the stratigraphic sequence noted in the Reua Corporation 
No. 1. A lateral gradation from one lithologic type to the other is sug- 
gested by cuttings from the McClanahan Oil Company’s Wineman 
No. 1, NE.3, SW.4, SE.4 of Sec. 4, T. 17 N., R. 1 E. After logging 
63 feet of tan, crystalline limestone, the operators drilled 30 feet in 
which rocks of this type were interbedded with the lighter lithographic 
limestone. Below that occurred limestone darker in color and more 
dense than either of these two types. 

This fact and other similar evidence lead the writer to the conclu- 
sion that lateral variations within a single stratigraphic zone still 
offer the best explanation of the lithologic differences in the productive 
formations of the two pools. 


TRAVERSE GROUP 


The gray limestones and shales of the Traverse group have been 
subdivided by Grabau,'® Warthin and Cooper," and Pohl” into a num- 
ber of formations some of which can be recognized from well cuttings. 
More recently Hake and Maebius® recognized six distinct lithologic 
units in the Traverse which are distinguishable over most of the state. 


10 A. W. Grabau, “Stratigraphy of the Traverse Group of Michigan,’’ Michigan 
Geol. Survey Ann. Rept. for 1901 (1902), pp. 163-210. 

11 A, S. Warthin, Jr., and G. A. Cooper, “New Formation Names in the Michigan 
Devonian,” Jour. Washington Acad. Sci., Vol. 25, No. 12 (1935). 

12 Edwin R. Pohl, ‘“The Middle Devonian Traverse Group of Rocks in Michigan: 
A Summary of Existing Knowledge,” Proc. U.S. Nat. Museum 76 (1929), Art. A, pp. 
1-34. 

48 Benjamin F. Hake and Jed B. Maebius, “‘Lithology of the Traverse Group of 
Central Michigan,” Papers of the Michigan Academy of Science, Arts and Letters, Vol. 23 
(1937), PP. 447-61. 
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These units are readily identifiable in the 745-foot Traverse section of 


the Buckeye field and may be summarized as follows. 
Thickness 
in Feet 
Top to bottom 

6. Hard, light brown dolomitic limestone, correlated by Hake and 
Maebius" with the Squaw Bay limestone of Warthin and Cooper. 50 

5. Light gray shale with subordinate limestone. Upper half in most 
places entirely shale; limestone in lower half increasing downward. 80 

4. Massive gray to white cherty limestone. This zone has been corre- 
lated by Hake and Maebius" with the Alpena limestone and the 
Norway Point, Potter Farm, and Partridge Point formations of 

3. Gray shale with subordinate limestone. Correlated by Hake and 
Maebius'* with the Long Lake stage of Grabau!® and the Ferron 
Point, Genshaw, and Killans of Warthin and Cooper.”.......... 175 

2. Gray to white limestone and subordinate gray shale. Correlated by 
Hake and Maebius® with the beds exposed in the Rockport 


1. Dark gray shale with abundant crinoids, ostracods, and pyrite near 


Oil in commercial quantities is found in the Traverse in various 
parts of the state. Until recently the Squaw Bay dolomite (Saginaw 
sand) was the main productive formation. Within the last 2 years, 
however, important production has been developed in Allegan, Ot- 
tawa, Van Buren, and Kent counties from zone 4 (see summary of 
lithologic units) and tentative correlation is being made between this 
productive zone and the Alpena limestone. 


ANTRIM FORMATION 


The Antrim shales average 425 feet in thickness in the Buckeye 
area. The formation is composed of dense dark brown to black shales 
highly organic in character. The lower 125 feet of the Antrim contains 
interbedded limestones which increase in number from top to bottom. 
Since locally the lower part of the formation contains gray shales simi- 
lar to those of the Traverse group, various workers differ in opinion 
as to whether these shales should be included in the Traverse or as- 
signed to the Antrim. For structural purposes in the Buckeye area, 


Tbid., pp. 456-57. 

% Warthin and Cooper, of. cit. 

16 Hake and Maebius, of. cit., p. 455. 
17 Warthin and Cooper, of. cit. 

18 Hake and Maebius, of. cit., p. 453. 
19 Grabau, op. cit. 

20 Warthin and Cooper, op. cit. 

21 Hake and Maebius, of. cit., p. 452. 


2 R. A. Smith, ‘“Limestones in Michigan,’’ Michigan Geol. and Biol. er Pub. 
21, Geol. Ser. 17 (1916), p. 174. 
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however, the base of the Antrim is usually placed at the top of the first 
massive limestone of the Traverse group. The light gray shales, where 
present, are thought of as transitional between the Traverse and the 
Antrim and included with the younger formation. The Antrim forma- 
tion is considered to be partly Mississippian and partly Devonian in 
age.” 
MISSISSIPPIAN ROCKS 
BEREA AND BEDFORD FORMATIONS 


The lower part of the Mississippian in the Buckeye area includes 
approximately roo feet of sands and gray shales which are divided into 
two formations: the Bedford shale and the Berea sandstone. The Bed- 
ford shale, 40-50 feet thick, is composed of light gray shales with thin 
lenses of dolomite. The contact between the light-colored Bedford 
shales and the dark shales of the Antrim is sharp. The Berea formation 
is made up of very fine light gray sand tightly cemented by dolomite, 
interbedded with light gray shale. Although the Berea is a water- 
bearing formation in many parts of the state and produces oil in the 
Saginaw field, it yields little or no water in the Buckeye area. Because 
of the ease with which it can be distinguished from the overlying and 
underlying rocks, the Berea is a useful stratigraphic marker. Its thick- 
ness is 40-50 feet. 

SUNBURY FORMATION 

The Sunbury formation, a uniform bed of black shale, is recog- 
nizable over much of the state. Its thickness of 40 feet in the Buckeye 
area is similar to that in a wide surrounding area. B. F. Hake™ regards 
the Sunbury as a “finger” of the Antrim shale from which it is litho- 
logically indistinguishable. 

COLDWATER FORMATION 


The Coldwater formation consists of a long series of gray to blue- 
gray, concretionary shales, interbedded with thin-bedded, fine, calcare- 
ous sands and siltstones. Sands and silts are more abundant in the 
upper part of the section. The lower 50 feet of the formation is marked 
by the presence of red dolomitic or calcareous shale. The thickness of 
the Coldwater in the Buckeye field is 1,020 feet. 


MARSHALL FORMATION AND MICHIGAN “‘SERIES” 


This succession of rocks, consisting of a basal sandstone (Marshall) 
and a series of gypsum, shales, and limestones (Michigan “‘series’’), is 

3B. F. Hake, “Geologic Occurrence of Oil and Gas in Michigan,” Bull. Amer. 
Assoc. Petrol. Geol., Vol. 22, No. 4 (April, 1938), p. 397. 

* Hake, op. cit., p. 397. 
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in part contemporaneous and can not be properly discussed as entirely 
separate rock units, although this has been the practice of all previous 
writers. These intimate relationships of the Marshall and the Michi- 
gan are not apparent from a study of the Buckeye area alone but are 
adequately demonstrated in regional studies by the writer and Charles 
K. Clark, who, in a paper now in preparation, will propose a regroup- 
ing of these rocks in accordance with the results of their investigations. 

The Marshall formation is customarily divided into two members, 
the upper Marshall or Napoleon sandstone and the lower Marshall. 
The lower Marshall is characterized by red coloration, and is com- 
posed of fine micaceous red sands, silts, and shales. The upper Mar- 
shall or Napoleon sandstone consists of fine to moderately coarse, 
white, yellow, or pink, angular sand. Grain sizes vary considerably and 
a finely conglomeratic bed is present in many places near the base of 
the upper Marshall. Much cross-bedding is visible on the several out- 
crops of the formation in the state. In the Buckeye field, the lower 
Marshall is 50 feet thick, the upper Marshall 120 feet thick. The con- 
tact with the Coldwater formation is generally considered to be grada- 
tional and Hard* and Newcombe” see evidences of rhythmic deposi- 
tion. 

The top of the Marshall, though widely used as a marker horizon 
for structural work, does not represent a plane. The upper part of the 
Napoleon sandstone is in part contemporaneous with the lower part of 
the overlying Michigan “series” and more than 150 feet of Michigan 
sediments had been deposited in the Buckeye area before Napoleon 
sandstone deposition had ended in the vicinity of the Sherman field in 
Isabella County, 35 miles west. 

The Michigan “series” consists of gypsum, shales, and limestones. 
The thickest known sections vary between 450 and 500 feet. The for- 
mation may be subdivided on a lithologic basis into two parts of some- 
what unequal thickness, here called the upper and lower Michigan. 
The lower Michigan, 180-220 feet thick, is largely contemporaneous 
with the Marshall in the western part of the state and is characterized 
by “stray” sands representing tongues from the main mass of the 
Marshall and crinoidal limestones interbedded with shale and gypsum. 
The upper part, 230-320 feet thick, is made up of gypsum and shale 
with subordinate lenticular bodies of dolomite. 

In the Buckeye area only the lower Michigan, with a few remnants 


% Edward W. Hard, ‘‘Mississippian Gas Sands of Central Michigan Area,” Bull. 
Amer. Assoc. Petrol. Geol., Vol. 22, No. 2 (February, 1938), p. 135. 

% R. B. Newcombe, “Oil and Gas Fields of Michigan,’’ Michigan Geol. Survey 
Pub. 38, Geol. Ser. 32 (1933), P. 55. 
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of the upper Michigan, is present, the remainder having been removed 
by post-Michigan, pre-Pennsylvanian erosion. Here, three distinct 
zones may be recognized in the lower Michigan: (1) a lower 60—70-foot 
zone consisting of gray to dark gray fossiliferous limestones and gray 
shales, commonly with a little dolomite near the base; (2) a 1oo-foot 
middle zone of gypsum and shale, with subordinate limestone and a 
little sandstone; and (3) an upper zone of gray limestone, or gray lime- 
stone and shale 20-25 feet thick. Zone 1 is recognizable over a wide 
area outside the field, although it thins and becomes progressively 
more dolomitic west and southwest, and finally dies out completely into 
the main mass of the Marshall sand. Zone 3 is even more widespread 
in occurrence and is the correlative of the “Brown dolomite” of the 
Crystal field. 

A maximum of 110 feet of the upper Michigan is known to occur in 
the Buckeye field. From the few cuttings available to the writer, this 
zone appears to consist of gypsum, greenish gray shale, and subordi- 
nate dolomite. 

BAYPORT FORMATION 

Overlying the eroded Michigan series in the Buckeye area, as 
in most of the central part of the Michigan basin, are a series of lime- 
stones or sandstones and limestones. The details of the stratigraphy of 
these rocks are not fully understood. However, fossils collected from 
several localities where the limestones crop out indicate that the rocks 
are Mississippian in age. Sandstones are known to underlie the lime- 
stone beds at several of the outcrops of the formation and cuttings 
from wells in the central part of the Michigan basin indicate that this 
basal sandstone may vary from o to 50 feet or more in thickness. The 
limestone beds themselves appear to be variable in thickness and 
possibly lenticular in character. Thicknesses of 15-20 feet are not un- 
common but in some wells as much as 50-60 feet of gray limestones are 
referred ‘to the Bayport on the basis of lithologic characteristics and 
stratigraphic position. 

Above the Bayport limestones is a considerable thickness of sand- 
stones which are generally considered to be lower Pennsylvanian in 
age, and presumably separated from the Bayport by a major uncon- 
formity. Pre-Pennsylvanian erosion is believed to have removed the 
Bayport in some areas so that Pennsylvanian sands may rest directly 
on older rocks below. Unfortunately no satisfactory criterion has yet 
been established for distinguishing Pennsylvanian sandstones from 
those which normally underlie the Bayport, so that considerable con- 
fusion arises when the Bayport limestones are not present. 

In the drilling of the Buckeye field practically no samples were 
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collected in this part of the section so that knowledge of the Bayport 
here is very meager. Apparently, however, 20-50 feet of Bayport lime- 
stone is present, resting directly on the eroded Michigan series with 
little evidence that the basal sandy phase is present. This limestone is 
overlain by sandstone, or by sandstone with interbedded limestone. 

Since knowledge of the true nature of the Bayport in the area is so 
limited and since there is no accurate way of determining the top of this 
formation, the lowermost Pennsylvanian rocks (Parma sandstone) and 
the Bayport formation are usually treated as one formation and 
designated ‘‘Parma-Bayport.” 


PENNSYLVANIAN ROCKS 


Kelly?’ recognizes three divisions of the Pennsylvanian system in 
Michigan: (1) the Parma sandstone, a basal sandstone to which he 
ascribes a thickness of o—220 feet; (2) the Saginaw group, consisting 
of sandstones, shales, coal, and limestones; and (3) the Grand River 
group, consisting of coarse sandstones, shales, and redbeds. 

In the Buckeye area the rocks overlying the Michigan series may 
readily be divided into three zones: (1) a basal zone of sandstones and 
limestones approximately 130 feet thick which includes the Bayport 
formation and the Parma sandstone; (2) a middle zone 200-220 feet 
thick consisting of dark gray and black shales with subordinate coal; 
and (3) an upper zone of coarse sandstones 100-120 feet thick. Zones 
2 and 3 are correlated with the Saginaw group. 


PLEISTOCENE 


Glacial drift in the Buckeye area is somewhat thinner than average 
in the state, varying in thickness from 200 to 300 feet. It consists of 
undifferentiated sands and clays and has not been studied in detail. 


PoROSITY OF ROCK 


The exact mechanism by which porous reservoir rocks in the lime- 
stone fields of Michigan were developed has not been completely dis- 
cussed or thoroughly understood. The several lines of reasoning which 
have been used to explain similar porosity in limestones in other parts 
of the world have been applied to the Michigan occurrences, but no 
general agreement has been reached between various students of the 
problem. On one major premise, however, nearly all investigators are 
agreed: that original rock conditions in the producing zones have been 
modified by solution, acting along bedding planes and fractures. 

27 W. A. Kelly, “Pennsylvanian System in Michigan,” Occasional Papers on the 
Geology of Michigan, Department of Conservation Pub. 40, Geol. Ser. 34 (1936), pp. 
155-59- 
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In writing of the Mt. Pleasant field, Newcombe’ states: 


The rock as seen in cores and fragments is honeycombed. This is evidently 
due to solution. The porous beds are stylolitic and fossiliferous with many of 
the openings showing the shape and outline of cup corals and the molds of 
other fossils. The beds in some wells are so soft and porous that they drill up 
like a soupy, soft white mush. The irregular nature of the pore space makes 
porosity tests impracticable. The recovery of the oil is more closely related to 
connections between openings or perviousness than the percentage of voids 
or porosity. Neither of these properties is uniform in most productive lime- 
stone horizons. 


In studying drill cuttings from the Buckeye field, where no cores 
have ever been taken, the writer has arrived at a very similar inter- 
pretation of the physical conditions within the producing zones. 
Examination of drilled-up rock materials obtained from cuttings re- 
veals numerous evidences of porosity, evidences which suggest the 
fundamental importance of solution and, less definitely, of fracturing, 
as factors in increasing permeability. Significant manifestations of 
porosity observed in cuttings include: (1) ‘“‘pin-holes” varying from 
0.05 to 0.005 inch in diameter, inside of which occur encrustations of 
secondary calcite; (2) fragmentary remains of the walls of larger open- 
ings or vugs some of which have been observed to contain perfectly 
formed calcite crystals 0.05 inch or more in length; (3) calcite rhombs 
of such size as to attest to the presence of cavities or fractures large 
enough to permit the development of crystals much larger than any 
which occur unbroken in the cuttings; (4) fracture faces bearing 
numerous minute but undistorted pyrite crystals of undoubted sec- 
ondary origin; and (5) fragmentary remains of stylolites which in 
themselves may be considered as evidence of solution. 

Although the writer is unable to introduce proof that much larger 
openings than those described in the previous paragraph occur, it is 
reasonable to suppose that such openings do exist and that the produc- 
ing zone consists of rock honeycombed by openings varying in size 
from minute “‘pin-holes” to open channels of a cavernous character. 
Of some value in substantiating this conclusion are reports by drillers 
that in going through the pay sections the bit sometimes drops several 
inches at a single stroke. 

With such a conception of the nature of the porosity of the oil- 
bearing zone it becomes apparent that the producing zone is in a broad 
sense cavernous and that the honeycombing of the rock was brought 
about by the solution along bedding planes and fractures. 


28 Robert B. Newcombe, “Oil and Gas Fields of Michigan,” op. cit., p. 171. 
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Howard and David?® have arrived at the conclusion that “most 
limestone oil reservoirs owe their porosity to solution performed by 
meteoric waters.” The same authors®® have shown that meteoric 
waters carrying carbonic and organic acids are capable of dissolving 
limestones and have come to the following conclusions as to the chan- 
nels used by circulating waters en route to the water table. 

1. Fractures and joints offer the best pathways for meteoric waters to reach the 

ground water table 

2. Joints are usually best developed in the upper part of a rock section 

3. If joints are continuous to the water table, little more than widening of the 

cracks can be expected 

4. Interruptions in the continuity of the joints allows solution to take place in 

porous and calcite rich zones above the water table in addition to the normal 
widening 

5. Well developed joints in the upper part of the formation may cause rich calcitic 

zones to be passed without increasing their porosity 


While admitting that the evidence is not conclusive, it is the opin- 
ion of the writer that circulating meteoric waters originating on a land 
surface at a time later than the deposition of the Dundee and before 
the deposition of the Bell shale, offer the best explanation of the exist- 
ence of the Dundee porous zone which is productive of oil at Buckeye. 
Two periods are believed to have existed during which meteoric 
waters enroute to the water table might have circulated through Dun- 
dee rocks: first during the postulated break in sedimentation between 
the Rogers City and Dundee limestones, secondly during the break 
represented by the unconformity at the top of the Rogers City. 

Data obtained from drillers and scouts indicate considerable varia- 
tion in the thickness of the productive (porous) beds within short 
distances. Numerous wells which have drilled entirely through the pay 
zone and into tight limestone below, are producing from reservoirs 4-7 
feet thick. The average reported thickness for all wells in the field is 
about to feet, yet individual wells report production from as much as 
40 feet of pay section. 

It is the tendency of the writer to minimize the importance of these 
apparently excessive figures and attribute them to lack of knowledge 
of true conditions in the pay zone. Uncertainty as to the exact thick- 
ness of the oil-bearing zones and of the intervening impervious breaks 
is readily understandable when it is remembered that many of the 
wells were flowing heavily from the first ‘pay’ while they were being 
deepened, making it practically impossible to gauge any but very 
important increases in the amount of oil. The cross sections accompa- 


29 'W. V. Howard and Max W. David, “Development of Porosity in Limestones,”’ 
Bull. Amer. Assoc. Petrol. Geol., Vol. 20, No. 11 (November, 1936), p. 13869. 


30 Thid., pp. 1389-1412. 
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nying this paper (Figs. 6, 7, and 8) have been selected to illustrate the 
character and stratigraphic relationships of the producing zones. 

There is some evidence that greater porosity or at least a higher 
degree of permeability exists on top of the structure than on its flanks 
and that the presence of permeable rocks here is in some way related 
to structural uplift. This possibility is suggested by the fact that wells 
on structure show good porosity while some wells only a short distance 
from production, but structurally low, show no oil or gas, and but little 
water in the producing zones and have to be drilled much farther 
below the base of the Bell shale before encountering water in quantity. 
This tendency of the porous zones to pinch out on the flanks of the 
structure is illustrated in Figures 6, 7, and 8. 


Discussion OF Cross SECTIONS 


The six cross sections presented with this paper as an attempt to 
correlate the pay zones in the two pools are selected from about sixty 
which have been prepared. While the writer believes that they indi- 
cate essentially the conditions which exist in the pay zone, they should 
beconsidered as diagrammaticor interpretative illustrations rather than 
literal representations. There are several reasons why this is true, of 
which the most important is the fact that the records from which the 
cross sections were compiled represent the observations of dozens of 
different observers, and, as might be expected, show little unity as to 
detail. This is clearly illustrated by the fact that four or eight wells on 
a single 80-acre lease may be easily and definitely correlated with each 
other, but can be correlated only with great difficulty or not at all with 
a similar group of wells on an adjacent lease. The only solution of this 
problem is to abandon all plans for straight lines of sections across the 
field and to wind around as much as necessary to find data which will 
correlate from lease to lease. Obviously this solution is not altogether 
satisfactory since the fact that the data selected can be correlated to 
give a moderately well unified interpretation does not mean that it is 
correct. It is also unsatisfactory because another worker, using a dif- 
ferent combination of wells, will in some cases arrive at a different 
correlation from the one presented here. 

That there should be opportunity for disagreement as to the details 
of any correlation chart across the Buckeye field even after the most 
exhaustive attempt to arrive at the truth is also to be expected from 
the lenticular and irregular character of the porous zone which 
produces the oil. In general it has been practical only to attempt to 
illustrate the occurrence of two major productive streaks within a zone 
30 feet thick. Reasoning, however, convinces us that there may be in 
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any given well, three, four, or a dozen, porous streaks all yielding oil 
and all separated by a few inches to several feet of non-productive 
rock. That two or three or all of these porous streaks may merge 
laterally into a single prolific pay zone appears obvious. Conversely it 
is also obvious that many of the thick pay zones reported by drillers 
and scouts and shown on the accompanying illustrations are probably 
made up of a number of thin porous streaks separated by non-pro- 
ductive breaks of varying thickness. 

In spite of these difficulties, however, it is the opinion of the writer 
that any independent investigator making an exhaustive study of the 
available data will arrive at essentially the same conclusions concern- 
ing the nature of the productive zones of the Buckeye field as those 
presented in the accompanying charts. 


SourRcE OF OIL 


The source of the oil in the Buckeye field and in other Michigan 
fields is still unknown. Four possibilities have been suggested: (1) the 
oil was generated in the Dundee limestone and migrated upward into 
a porous zone which was later developed near the top of the formation; 
(2) the oil was generated in the Dundee limestone in the stratigraphic 
zone in which it now occurs, only lateral migration within this zone 
having taken place; (3) the oil was formed in the Rogers City limestone 
and accumulated in the pre-prepared porous zone while the Rogers 
City was being deposited or during its compaction; and (4) the oil 
originated in the Bell shale and migrated downward through the same 
cracks and fractures which earlier carried circulating meteoric waters 
downward toward the water table. Although there are certain objec- 
tions to all of these suggestions, it is impossible to demonstrate that 
any one of them may be eliminated from consideration. 

The Dundee limestone below the productive zone shows little 
evidence of being petroliferous, and mechanical difficulties are en- 
countered in demonstrating how any oil which might have originated 
here migrated through these apparently impervious rocks and into the 
reservoir. This is especially true since the honeycombed or cavernous 
nature of the reservoir is such as to suggest that the rocks were com- 
pletely lithified before the development of the porosity, thus ap- 
parently eliminating the possibility of migration while the Dundee 
was still in a soft or plastic condition. 

In the opinion of the writer, there is a serious objection to the idea 
of generation in the Dundee in the same stratigraphic zone from which 
oil is now produced. Such indigenous origin is incompatible with the 
numerous evidences of solution found within the pay zone. The proc- 
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esses involved in dissolving and leaching the limestones to form the 
reservoir would effect dissipation, not accumulation of any indigenous 
oil. However, since our concept of the cavernous nature of the pro- 
ductive zone and its origin is itself theoretical, it is obvious that the 
possibility that oil originated in the producing zone can not be entirely 
disproved. 

The darker-colored, waxy limestones of the Rogers City formation 
show greater evidence of having been originally petroliferous than do 
the Dundee limestones. Small blotches of tarry carbonaceous material 
are sometimes reported in well cuttings, and rock fragments when 
digested in acid emit a distinctly petroliferous odor and leave a dark 
brown or black carbonaceous residue. Also, there seems to be a greater 
opportunity for migration into the Dundee reservoir from the Rogers 
City formation than from the Dundee itself. Especially is this true if 
a thorough development of Dundee porosity before the deposition of 
the Rogers City is postulated, allowing squeezing of the oil from un- 
consolidated sediments into a pre-prepared reservoir. The Rogers City 
limestone overlies the producing Dundee at West Branch, Clayton, 
Adams, Beaverton, Edenville, and in the Porter-Greendale area, and 
might be considered a possible source in all of these fields. Its relation- 
ship to the so-called “‘contact-Monroe”’ fields such as Crystal, Temple, 
Sherman, and Vernon, where production is from dolomite immediately 
below the Bell shale, is not clear. However, subsequent investigation 
may reveal that the Rogers City is present here on the flanks of the 
structures or even that the dolomite is the stratigraphic equivalent of 
the Rogers City. The problem of the age of those dolomites which have 
always been presumed to be Monroe, and which produce oil in several 
fields, is now receiving attention from several competent investigators 
some of whom expect to demonstrate that Michigan’s ‘““Monroe’’ pro- 
duction is really from a dolomitized phase of the Rogers City or Dun- 
dee. Both as to the results of these investigations, and their possible 
bearing on the problem of the origin and accumulation of oil in the 
state, the writer is unable to make a statement. 

The Bell shale is present in all Dundee and “Monroe” fields and 
thus is available as a source of most of Michigan’s major production. 
The shale is dark gray in color, highly fossiliferous, and in general pre- 
sents many of the characteristics usually considered typical of source 
rocks. Here again, however, difficulties in explaining the mechanical 
details of accumulation are encountered. In the ‘Monroe’’ fields, 
where oil is found from 1 to 15 feet below the base of the shale, the 
opportunity for accumulation from this source seems obvious. But a 
special set of conditions must be imagined to allow for accumulation 
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in such fields as Greendale, where production is 30-40 feet below the 
base; Buckeye, where the interval between the shale and the “pay” 
is 55-85 feet; and West Branch and Clayton, where production is 
found from 100 to 175 feet below the base of the shale. It has been 
pointed out that one explanation of the Buckeye porosity supposes 
the existence of solution channels developed on an uplifted and eroded 
Rogers City land mass, which permitted meteoric waters to work 
their way downward to the water table. On this theory it does not 
seem unreasonable to believe that these channels continued to remain 
open and that they were capable of conducting oil generated in the 
Bell shale into the Dundee reservoir. But this process of transporting 
oil downward from the Bell shale implies artesian circulation, and 
certainly no artesian circulation could have been established and 
maintained below the surface of the sea in which the Bell shale was 
being deposited. The idea that such circulation might have been estab- 
lished at a later period, when the Bell shale and overlying sediments 
were undergoing compaction, or during an unrecorded withdrawal of 
the sea, can not be entirely discounted, but is in no way substantiated 
by facts. 

No discussion of the various theories advanced in the attempt to 
solve the source problem is complete without some mention of the pos- 
sibility of multiple sources. From east to west across the central part 
of the basin, there is a progressive and marked difference in color and 
gravity of oils from the various fields, as shown by Figure 9. Dundee 
oils from West Branch and Clayton on the east, are black and of low 
gravity, while the so-called “Monroe” oils from Sherman and Temple 
are amber or green and of much higher gravity. Oils from the interven- 
ing area are intermediate in their characteristics. From this relation- 
ship it has been suggested that there may be two or even three source 
rocks involved in the central Michigan fields. 


CHARACTER OF OIL 


Buckeye crude oil is nearly black in color and has a gravity of ap- 
proximately 37° A.P.I. The base is paraffine and the sulphur content 
is about 0.25 per cent. Refiners class Buckeye crude as inferior to that 
from such major pools as Mt. Pleasant, Porter-Yost, and Crystal, and 
superior to that of West Branch and Clayton. Early in 1938 Buckeye 
oil was purchased at $1.095 as compared with $1.12 for the superior 
crudes and $0.80 for oil from the Clayton and West Branch fields. In ‘ 
April, 1939, Buckeye crude was posted at $0.90 while Midland grade 
was listed at $0.925, and West Branch and Clayton crudes sold at 
$0.70. 
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Gas-O1t RATIO 


An examination conducted in June and July, 1937, about one year 
after discovery and in the early stages of development, showed the oil- 
gas ratio in the Buckeye field to be approximately 500 cubic feet of gas 
per barrel of oil. The gasoline content was found to vary from 1.25 to 
2 gallons per 1,000 cubic feet. 


PRODUCTION 


Total accumulated production from the Buckeye field to January, 
1940, amounted to 16,326,224 barrels, of which 12,947,945 barrels 
were from the north pool and 3,378,279 barrels from the south pool. 
Yearly production from the field as published by the Michigan State 
Department of Conservation is shown in tabular form. 


BucKEYE FIELD PropucTION By YEARS (IN BARRELS) 


Year South Pool North Pool Field Total 
1936 10,475 10,475 
1937 1,505,358 4,922,941 6,428,299 
1938 1,460,192 5,925,170 7,385,362 
1939 402,254 2,099,834 2,502,088 

3,378,279 12,047,945 16,326,224 


The area within the producing contour of the north pool, where 262 
wells have been drilled, may be conservatively placed at 2,900 acres. 
Production reached its peak in April, 1938, and since that time decline 
has been steady and rather rapid. As of January 1, 1940, the total re- 
serve of the north pool was estimated by the writer at 1,650,000 bar- 
rels of oil, bringing the estimate of total ultimate recovery to approxi- 
mately 14,600,000 barrels. Average ultimate recoveries may thus be 
placed at approximately 56,000 barrels per well, or somewhat in excess 
of 5,000 barrels for each acre within the producing contour. The 
area of largest wells and the best per-acre recovery centers in Section 11 
and a few adjacent leases in the east half of Section 10. In this area 
several leases have already produced nearly double the field average 
and may be expected to produce more than 10,000 barrels per acre be- 
fore abandonment. 

As compared with North Buckeye, the south pool must be classed 
as very inferior. Here only a few leases can ever be expected to ap- 
proach the average production of 5,000 barrels per acre estimated for 
North Buckeye. Although at least 2,500 acres must be included within 
the producing contour only 186 wells have been completed, and drill- 
ing is now at a standstill. Assuming that no more wells will be drilled, 
the South Buckeye reserve as of January 1, 1940, can scarcely be 
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estimated in excess of 350,000 barrels, or the total ultimate recovery 
much above 3,725,000. On this basis, the average ultimate production 
per well will be less than 20,000 barrels, showing operation in the area 
to be barely profitable. Since structural conditions in the south pool 
are as good as those in North Buckeye, it is necessary to explain the 
smaller production to the south as due to “‘tight’’ sections, with less 
porosity and lower permeability. 


DRILLING METHODS 


The average depth of productive wells in the Buckeye field is 
3,627 feet. Standard rigs and cable tools have been used exclusively 
during the development of the field. Ten-inch drive pipe is set through 
the glacial drift, the footage used varying between 200 and 350 feet. 
From 750 to 800 feet of 84-inch casing is used in shutting off caves 
developed in the water-bearing Saginaw series. Marshall water is cased 
off with 6%-inch casing which is set in the top of the Coldwater forma- 
tion at an average depth of 1,250 feet. Open hole is carried from the 
base of the Marshall to the top of the Rogers City limestone where 
5 3/16-inch casing is cemented, usually about 3,550 feet below the 
surface. 

The average cost of a producing well in the field, including pumping 
equipment and tank batteries, closely approximates $23,000, from 
which may be deducted $10,000 representing the value of salvageable 
equipment. 

AciD TREATMENT 


Acidization is standard practice in the field, and many wells are 
acidized immediately after completion. From 500 to 3,000 gallons of 
acid are used in initial treatments, the usual amount varying from 
1,000 to 1,500 gallons. Subsequent treatments are larger, from 2,000 
to 3,000 gallons being customary, occasional wells being treated with 
as much as 10,000 gallons. 


WATER DISPOSAL 


To the present time, salt-water disposal has not been a serious 
problem in either pool of the Buckeye field. Until early in 1939 only a 
comparatively few wells, mainly in sections 12, 13, and 16, were show- 
ing water and even here the amounts were small. By July, 1939, how- 
ever, general water encroachment was making itself felt, and many 
wells throughout the north pool were cutting some water. 

Detailed reports of water production from ninety-two wells in the 
north pool, obtained in July, 1939, may be summarized as follows. 
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Percentage of Water Number of Wells 

None 
Less than } 22 
$tor 26 
I to 23 13 
23 tos 10 
5 to 10 3 
10 to 15 I 
More than 15 7 

92 


The largest single water producer known to the writer is Hyatt- 
Norton’s Campbell No. 1 in NE. }, NW. } of Sec. 12, which made some 
water from the beginning and was reported as making 50 barrels per 
day on May 1, 1939. Water from this well and several others in the 
vicinity is disposed of in ponds constructed for the purpose. Water 
produced on the American Drilling Company and Hart leases on the 
Soldan farm, SE. } of Sec. 12, is put into the Parma sand between the 
6-inch and 1o-inch casing. Water produced from the Petroleum In- 
vestors’ Knight No. 1 and No. 2, W. 3, NW. 4, SW. i of Sec. 16, Hay 
Township, is put into the No. 1 well, an abandoned producer on the 
same lease, and returned to the Dundee. On the Wicklund’s State-J 
lease, water from the No. 4 well is piped into the No. 3 well, a dry hole, 
for disposal in the Marshall formation. 

In the south pool small amounts of water are produced from a few 
wells in sections 23, 24, and 25, most of which is readily disposed of in 
small ponds. 
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RESUME OF THE DEVONIAN SYSTEM 
OF WEST VIRGINIA! 


PAUL H. PRICE? anp HERBERT P. WOODWARD 
Morgantown, West Virginia, and Newark, New Jersey 
ABSTRACT 


Many parts of the Appalachian region are being critically reexamined by the geolo- 
gist. Renewed interest in the Devonian system comes from the application of detailed 
paleontologic work in the areas of its outcrop, as well as from the possibility of increas- 
ing oil and gas production in Devonian formations at depth. Although the Devonian 
outcrop in West Virginia is entirely mapped (scale 1:62,500), and although study has 
been made of the Devonian as penetrated in many deep-well sections, it is thought 
desirable to present a general summary and reclassification of the Devonian system in 
West Virginia. An attempt is here made to recognize the most generally accepted nomen- 
clature consistent with priority of usage. 


INTRODUCTION 


As revealed at the surface in its eastern counties and by numerous 
deep-well records elsewhere in the state, West Virginia has a remark- 
ably complete sequence of Devonian rocks that attain a total thickness 
of more than 10,000 feet. Exceptionally well displayed are the Helder- 
berg group and Ridgeley (Oriskany) sandstone, the former being 
separable into several mappable formations, the latter producing 
interesting scenic features and being of economic importance for glass 
sand in Morgan County and now a very important gas-producing for- 
mation at depth. Onondaga, Marcellus, and Hamilton beds of Middle 
Devonian age are also present, as are the Naples and Brallier shales of 
Portage age, the Chemung formation, and the Hampshire (formerly 
“Catskill’’) redbeds. 

The following résumé will be more fully expanded in forthcoming 
publications of the West Virginia Geological Survey wherein results of 
a detailed field study of the entire pre-Mississippian column will be 
presented by H. P. Woodward. Many problems of stratigraphic and 
paleontologic importance, herein mentioned briefly or omitted, will be 
discussed subsequently. 


LoweER DEVONIAN 
HELDERBERG GROUP 


In West Virginia and parts of adjacent states, the exposed Lower 
Devonian, or Helderberg, succession is as follows. 


1 An earlier draft of this paper was presented, September 1, 1939, in a symposium 
on Appalachian history at the twentieth anniversary of the establishment of the 
Topographic and Geologic Survey of Pennsylvania, Harrisburg, Pennsylvania. Manu- 
script received, June 13, 1940. 


2 State geologist of West Virginia. 
1983 
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Thickness 
in Feet 
80-565 


Helderberg rocks occur in all West Virginia counties east of the 
Allegheny Front, and crop out in linear belts along the flanks of anti- 
clines and synclines wherein the rocks are commonly tilted at angles 
approaching the vertical. These outcrops lie in the belt of open folds 
west of the zone of close folding and overthrusting that characterizes 
the Appalachian region of Virginia and Maryland. In general, the 
Helderberg group is poorly exposed, not only because of its high lime 
content which permits ready erosion and quick solution, but also be- 
cause of a stratigraphic position immediately below the Ridgeley sand- 
stone and not far above resistant Silurian sandstones. 

At all exposures, the Helderberg directly overlies the Tonoloway 
limestone, and the boundary is readily located by distinct changes in 
lithology and faunas; it is believed that this contact is only slightly 
disconformable. The line of separation between Cayugan (uppermost 
Silurian) and Helderberg limestones below ground is less distinct, and 
criteria for differentiating the several Helderberg members are not 
usually found in well cuttings. 


KEYSER LIMESTONE 


In its most typical occurrence, the Keyser consists of dark gray 
limestone that is massive and nodular below and more shaly and 
thinly bedded above. Interbeds of coarsely crystalline limestone and 
reefs of corals and stromatoporoids are common. The latter occur 
mainly in the upper part of the formation and are found in the Keyser 
as far south as Pocahontas County. 

In most of the central portion of its outcrop, the prominent cal- 
careous Big Mountain shale member separates the upper and lower 
limestones. In the southern and southwestern areas of its outcrop, this 
shale and the lower part of the Keyser grade laterally into a coarse 
massive arenaceous limestone and ultimately into the calcareous 
Clifton Forge sandstone. The latter is present in the Browns Mountain 
anticline of Pocahontas and Greenbrier counties and, with thin rep- 
resentatives of the upper and lower limestones, may be found as far 
south as Bluefield. 

The formation has a thickness which ranges from 150 to 280 feet in 
the main Keyser belt. The medial shale is 25-45 feet thick, the upper 
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Keyser ranges from 30 to 140 feet, and the lower limestone from 30 to 
about 170 feet. The best exposed sections are those at Keyser, Mineral 
County, and at Harper Gap and in the Smoke Hole, Pendleton County. 

The fauna of the lower Keyser, including Chonetes jerseyensis, 
Stenochisma deckerensis, and Merista typa, is also found in the Decker 
Ferry limestone of eastern Pennsylvania and New Jersey. Favosites 
helderbergiae, distinctive of the upper Keyser, occurs in the Cobleskill 
limestone of New York. These and other northern correlatives of the 
Keyser were withdrawn by Clarke and Schuchert in 1899 from the 
“Lower Helderberg” group, and have been regarded as uppermost 
Silurian formations. Thus, the assignment of the Keyser limestone to 
the Devonian can not yet draw support from the accepted position of 
its known correlatives. Nevertheless, both field relations and paleonto- 
logic studies of the Keyser limestone of the Appalachian region fail to 
provide conclusive evidence more definitely to associate the Keyser 
with the underlying Tonoloway limestone than with beds of known 
Helderberg age above; and until such evidence is uncovered, the pres- 
ent writers prefer to retain the Keyser limestone in the Helderberg 
group of the Devonian system. 


COEYMANS LIMESTONE 


The Coeymans limestone crops out in eastern West Virginia from 
the Potomac River to the southern border of Pendleton County, but is 
unreported south of that latitude; in Virginia, it is known as far south 
as Craig County. At most of its exposures, it is a uniformly gray 
coarsely crystalline crinoidal limestone, massively bedded and nor- 
mally somewhat arenaceous. Among its best exposures are those of 
central Pendleton County, where it is a hard gray crinoidal rock. Its 
lower contact with the Keyser is not sharp, and there is no evidence of 
an important disconformity. The top contact with the New Scotland 
limestone is generally clean-cut. The average Coeymans thickness in 
West Virginia is 22 feet; observed sections range from to to 26 feet. 
The formation is fairly fossiliferous, with the distinctive Gypidula 
coeymanensis as its most diagnostic species. 


NEW SCOTLAND LIMESTONE 


The New Scotland limestone of West Virginia is characterized by 
several distinct facies. In western Maryland and in Mineral County, 
West Virginia, the formation is readily separable into an upper shaly 
member about 25 feet thick, and a lower calcareous unit containing 
much interbedded white chert, possibly 20-25 feet thick. The shaly 
zone weathers readily, whereas the lower limestone is fairly resistant, 
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with white cherty zones that are easy to identify. At the east in Berke- 
ley County, the white chert is less conspicuous and the shale facies 
disappears. 

Traced southward from Mineral County, the upper shale zone 
disappears in Pendleton County, and the New Scotland is represented 
in Hardy, eastern Grant, and southeastern Pendleton counties only by 
the impure lower chert-bearing limestone which weathers so as to 
leave the-white chert lenses in bas-relief on exposed ledges. South of 
the latitude of Monterey, Virginia, the cherty New Scotland limestone 
apparently gives way to the calcareous Healing Springs sandstone, 
which is well developed in the Browns Mountain anticlinal area of 
Greenbrier County. There are sandstone beds at this horizon near 
Narrows and Bluefield.. 

The New Scotland is nearly 45 feet thick at Keyser, and ranges 
from 18 to 40 feet elsewhere in the state. Its most distinctive fossils 
are Eos pirifer macropleurus and Isorthis perelegans which are abundant 
in the limestone beds; save for Anoplotheca concava, the shale facies is 
mostly unfossiliferous, although the Healing Springs sandstone is 
highly crinoidal. 


UPPER HELDERBERG FORMATIONS 


The interval between the New Scotland and the Oriskany (re- 
stricted) is occupied throughout northeast West Virginia by an impure 
strongly siliceous shale or shaly limestone long known as the Shriver 
chert. This formation contains many zones of a silicified material that 
approaches the cryptocrystalline character of true chert. It is black 
and weathers light gray, being conspicuous on weathered surfaces of 
nearly horizontal rock, but difficult to observe where beds are vertical 
or newly cut. This formation varies in thickness from 60 to 160 feet, 
and is widespread in Mineral, Grant, and Pendleton counties. Although 
its rare fossils, such as Anoplotheca flabellites, are not diagnostic, data 
are accumulating to indicate that the stratigraphic content of the 
so-called Shriver chert varies from place to place. 

In Hampshire, Berkeley, and Morgan counties, and in adjacent 
regions of Pennsylvania, Maryland, and Viginia, rock of the Shriver 
type is absent above the New Scotland and below the Ridgeley sand- 
stone, and the interval is occupied mainly by massive impure siliceous 
limestone containing more or less black chert and scattered crystalline 
limestone lenses. The belt containing this facies extends southward 
from south-central Pennsylvania into Virginia, and reenters West 
Virginia in the area of the Browns Mountain anticline where the lime- 
stone facies is well exposed in the vicinity of White Sulphur Springs, 
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Greenbrier County. The fauna of this limestone contains numerous 
Helderberg types together with Dalmanites dentatus, Rensselaeria sub- 
globosa, and a spiriferoid form commonly identified as Delthyris con- 
cinnus. On the basis of the last-named fossil, the limestone has been 
previously identified as “Becraft.” It has been recently suggested, 
however, that this species may be “‘Spirifer” aroostookensis rather 
than Delthyris concinnus, in which case a Becraft assignment is thus 
unwarranted.’ The presence of Dalmanites dentatus and Rensselaeria 
subglobosa suggests a correlation with the Port Jervis limestone which 
occurs above Port Ewen beds in New Jersey. Woodward believes 
that the upper Helderberg limestone of western Virginia and eastern 
West Virginia is a southern correlative of the Port Ewen and Port 
Jervis formations of the New York-New Jersey area, and that no true 
Becraft beds may be present. 

The mutual relations of the Shriver chert and the limestone facies 
described in the previous paragraph are partly gradational. It is 
probable that the upper member (Metaplasia-Orbiculoidea zone) of 
the Shriver is younger than any part of the limestone facies, although 
the lower barren part of the Shriver (here assigned to the early Port 
Ewen) may be older than the main limestone facies. This fact is sug- 
gested by exposures in Highland County, Virginia, where cherty un- 
fossiliferous shale of the Shriver type underlies the fossiliferous lime- 
stone beds. In the vicinity of Bluefield, West Virginia, the limestone 
facies of the upper Helderberg is replaced by an arenaceous unit carry- 
ing a similar fauna. This bed, the Rocky Gap sandstone, has been 
locally mistaken for Oriskany sandstone. 

Of interest to the petroleum geologist is the persistent southwest- 
ward gradation of calcareous members of the Helderberg group into 
apparently equivalent arenaceous beds. Thus, as revealed at the 
surface, a considerable part of the Keyser limestone is replaced by, or 
grades southwestward into, the Clifton Forge sandstone. The Coey- 
mans limestone of Maryland and Pennsylvania is definitely arenaceous 
in its southwestern exposures in West Virginia and Virginia. The New 
Scotland limestone and shale apparently give way to the strongly 
arenaceous Healing Springs sandstone in outcrops southwest of the 
latitude of Monterey, Virginia. The horizon of the Shriver chert and 
uppermost Helderberg limestone becomes the Rocky Gap sandstone 
in the vicinity of Bluefield, West Virginia. 

Concomitant with the passage of the calcareous Helderberg into 
arenaceous strata is the southwestward thinning of the true Oriskany 


3. M. Swartz in Bradford Willard and others, “The Devonian,” Pennsylvania 
Geol. Survey, 4th Ser., Bull. G19 (1939), pp. 64-65. 
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or Ridgeley sandstone (“‘Spirifer” arenosus zone). As a result, in many 
exposures, Helderberg sandstones have been mistaken for Oriskany 
sandstone. This statement holds for many of the so-called “Oriskany” 
iron and manganese prospects along the border counties of Virginia 
and West Virginia southwest of New River, where the sandy ore 
minerals occur mainly in Helderberg sandstones. Inasmuch as the 
respective ages of these various sandstones are determinable mainly 
on paleontologic evidence, the possibilities of similar misidentification 
in deep-well records must be suspected. Woodward believes that the 
actual limits of the true Oriskany sandstone beneath central and 
western West Virginia may not be as extensive as commonly supposed. 

Details of the relations of the several upper Helderberg formations 
will be presented in a forthcoming publication of the West Virginia 
Geological Survey. 


RIDGELEY SANDSTONE 


A brown-weathering massive sandstone containing abundant 
Oriskany fossils—‘‘Spirifer” arenosus, Rensselaeria ovoides, Hip- 
parionyx proximus, et cetera—may be traced from Pennsylvania south- 
ward across Maryland and West Virginia into Virginia. This formation, 
a prominent ridge-maker, is well exposed in all of the central-eastern 
and northeastern West Virginia counties with a thickness that ranges 
from 100 to 300 feet. Among its best exposures are those of Pendleton 
County, where it forms many spectacular arches and crags. In Morgan 
County, the rock is exceptionally free from impurities and is success- 
fully quarried for glass manufacture. When fresh, the Ridgeley is 
normally calcareous and shows a gray color resembling that of lime- 
stone. It normally contains a thin conglomerate with small quartz 
pebbles resembling rice or wheat grains. Most Ridgeley fossils are 
molds or casts that are scattered in thin zones through the rock. Deep 
drilling reveals its buried extension below the Upper Devonian, 
Mississippian, and Pennsylvanian rocks of the central part of the 
state. However, the unsuspected presence of arenaceous Helderberg 
rocks in southern latitudes may have induced an over-estimate of the 
Oriskany thickness in some well logs. 

Inasmuch as the “‘Spirifer’’ arenosus zone of the Oriskany-Ridgeley 
sandstone rests (a) in New Jersey on the Orbiculoidea jervensis zone 
of the upper Helderberg, (b) in eastern Pennsylvania on Coeymans 
sandstone, and (c) in eastern West Virginia on the Dalmanites 
dentatus zone, it is believed that a marked unconformity occurs below 
the Ridgeley sandstone. For this reason, earlier beds including the 
Shriver chert are assigned entirely to the Helderberg, despite the 
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partial resemblance of Shriver and Ridgeley faunas. The upper con- 
tact of the Ridgeley is slightly disconformable. Except for the Ridgeley 
sandstone, no other beds of Oriskany age are now recognized in West 
Virginia. 
MIDDLE DEVONIAN 
The Middle Devonian of West Virginia is represented by beds of 
Onondaga, Marcellus, and Hamilton age as follows. 


Thickness 

in Feet 
Hamilton formation............... 0-1 ,000 
Onondaga formation.............. 75- 100 
375-1, 900 


Except for a southern facies of the Onondaga—the Huntersville 
chert—-and an upper sandstone member of the Hamilton present only 
east of Cacapon Mountain, the Middle Devonian of West Virginia 
is almost wholly shale, comprising, with the overlying Naples shale of 
Upper Devonian age, the Romney black-shale facies of the Appala- 
chian Devonian. In earlier descriptions, the black Romney shale was 
thought to be a formational unit of definite chronologic value, but it 
is now recognized as a black-shale facies which varies in stratigrapl ic 
content from place to place. At most outcrops in West Virginia the 
various elements of this black shale can be individually discriminated. 
In southernmost outcrops, as in parts of Monroe and Mercer counties, 
the black-shale facies appears to contain only Marcellus and Naples 
beds. Here, difficulties of separating the two zones suggest retention 
and use of the general name Romney. 

Middle Devonian rocks are relatively incompetent under def- 
ormation and have been closely and intricately crumpled and folded. 
Their present outcrops are mainly low ground, and are responsible 
for many of the poor valleys of the Valley and Ridge country—as 
in Hampshire and eastern Hardy counties. 


ONONDAGA FORMATION 


A persistent horizon of Onondaga age has been recently traced 
from the Potomac southward to the latitude of White Sulphur Springs. 
Northeast of Pocahontas County, where its general thickness is about 
100 feet, the Onondaga is represented by green-gray to dark gray soft 
lumpy or platy shale, commonly with darker or black shale at the 
base. There are some impure calcareous members and thin limestones. 
At most localities, the lithologic change upward to the black Marcellus 
shale is gradational, and the contact must be determined by fossil 
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evidence. Onondaga shales are universally fossiliferous, and contain 
Amphissites favulosus, Phacops cristata, and Anoplotheca acutiplicata. 

In the Browns Mountain anticline of Pocahontas and Greenbrier 
counties, and in eastern Monroe and Mercer counties, occurs the 
lumpy irregularly bedded black to gray Huntersville chert which 
contains one or more thin glauconitic sandstones replete with Orbi- 
culoidea. Anoplotheca acutiplicata has also been found in nearly every 
outcrop of the Huntersville. Deep-well records indicate a wide dis- 
tribution of the Huntersville chert deep below the surface of central 
and western West Virginia. Recent field work and faunal studies 
indicate that the Huntersville is of Onondaga age and is correlative or 
identical with Onondaga cherts of southwest Virginia. 


MARCELLUS SHALE 


Black shale of Devonian age containing Styliolina fissurella, 
Leiorhynchus limitare, and Buchiola halli is widely present throughout 
all of the eastern counties of West Virginia. This portion of the 
Romney black-shale facies is assigned to the Marcellus, a member 
which apparently may be traced from the Potomac southwestward 
to Bluefield. 

The Marcellus shale is everywhere a black carbonaceous shale that 
is soft, fissile, and commonly highly crumpled. It is responsible for long 
linear valley lowlands bounding the ridges of Silurian and Devonian 
sandstones, and always produces poor residual soils. Commonly it is 
concretionary with medium to large concretions or septaria of impure 
calcareous material. There are a few thin lenticular impure limestones 
near its base. As a result of a general incompetence, the thickness of 
the Marcellus is difficult to estimate, but it may attain 500-800 feet. 
Contacts with overlying beds—whether Naples or Hamilton—are 
apparently conformable and are difficult to detect. Indeed, it is pos- 
sible in the area southwest of Pendleton County that some of the up- 
per part of the mapped Marcellus may be a black unfossiliferous facies 
of the Hamilton, undetected by fossil evidence. The lower contact, 
where the Onondaga is a shale, is determinable mainly by fossils; else- 
where this contact is sharp and clean-cut. 


HAMILTON FORMATION 


The Hamilton formation of West Virginia, which is apparently 
restricted to counties of the northeastern tier, has its best development 
in Morgan and Berkeley counties. It is likely that the formation dis- 
appears in West Virginia before reaching Highland County, Virginia. 

In its most typical development, the Hamilton is a fairly thick 
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arenaceous shale and sandstone series that is characterized by ready 
disintegration upon short exposure into a splintery shale. A fairly 
prominent gray sandstone marks the top of the formation east of 
Cacapon Mountain, and a few thin lenticular calcareous beds appear 
at the top in Grant and Hardy counties. The formation becomes 
concretionary near its southern extension and contains many small 
tough round clay concretions in northern Pendleton County. There 
are a few coralline zones, and in Berkeley County the Hamilton 
contains a black shale member, 25 feet thick. 

Typical Hamilton fossils are common throughout most of its out- 
crop, including the common species Tropidoleptus carinatus, Mucro- 
spirifer mucronatus, and Chonetes coronatus. Toward the south, these 
forms disappear from the main body of the rock and occur mostly in 
the concretions. Southward from the Potomac, the formation becomes 
much more shaly. Unless the Hamilton is represented by black shale 
not discriminated from the Naples above or the Marcellus below, 
there is no Hamilton equivalent in the southeastern West Virginian 
counties. The formation represents the main portion of the Romney 
black-shale facies of Hampshire County. The Hamilton produces poor 
soil but has been used both extensively and satisfactorily for road 
surfaces. 

UprEeR DEVONIAN 


The Upper Devonian of West Virginia contains the following units. 


Thickness 
in Feet 

Hampshire (‘Catskill’) formation.......... 0-3 ,000 

Portage group: 

925-7 ,900 


These formations hold their familiar lithologic character through- 
out the entire area of their outcrop, but thin markedly southward 
from Potomac River, while the Hampshire formation disappears in the 
vicinity of White Sulphur Springs. There is no known representative 
of the black Genesee shale in the state, and no Tully horizons have 
been yet reported from exposed sections. 


PORTAGE GROUP 


Portage rocks of West Virginia fall into two subdivisions, a lower 
comparatively thin black shale carrying a Naples fauna, and an upper 
much thicker unit identified as the Brallier shale of Pennsylvania. 
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NAPLES SHALE 


Black shale containing such typical Naples fossils as Buchiola 
retrostriata, Paracardium doris, and Probeloceras lutheri, can be found 
in most of the eastern West Virginia counties. It is barely 25 feet 
thick in western Berkeley County, but thickens westward to more than 
300 feet in Mineral County. The rock is a black fissile platy or slabby 
shale overlying the Hamilton formation in the northeastern counties, 
and coalescing with the Marcellus black shale in more southerly 
regions. It has been previously mapped as “‘Genesee.”’ 

The interesting presence at one locality within the Naples of 
southern Pendleton County of one or more thin sheets of igneous 
rock was discovered by Woodward in 1939. Although cursory exami- 
nation suggests that the material is intrusive, the possibility that this 
igneous rock is a thin surface flow of late Devonian age has not been 
conclusively set aside. 


BRALLIER SHALE 


The main body of Portage rocks in West Virginia forms the Brallier 
shale, which may be traced with little or no lithologic variation from 
the Potomac southward to Bluefield; its most westerly outcrop is in 
the Tygart Valley near Elkins. The formation is a thin-bedded as- 
semblage of olive, brown, or greenish shales and thin brittle sandstones 
or flagstones, few of the latter exceeding one foot in thickness. Both 
shales and sandstones show smooth glossy surfaces upon which occur 
a wide variety of shallow-water markings. One of these, possibly the 
trail of asmall annelid, Pteridichnites biseriatus, serves as the most use- 
ful guide fossil of the Brallier, and may be found at nearly every 
exposure of the formation; other fossils are rare. 

The thickness of the Brallier averages about 1,650 feet, although 
it may exceed this thickness in Pocahontas County, and is much 
thinner, possibly 600 feet, in Mercer County. Prevailingly thinly 
bedded, the formation can be readily distinguished from the under- 
lying Naples shale by the presence of sandstone members and the 
absence of the black-shale facies; it is separable from the overlying 
Chemung by the relative sparsity and thinness of the Portage sand- 
stones. Both contacts are conformable. 

There is no evidence in West Virginia of any prominent Portage 
sandstone to correspond with the Parkhead sandstone of Maryland, 
and it is believed that fossiliferous beds at the latter horizon should be 
assigned to the Chemung. 
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CHEMUNG FORMATION 


The Chemung formation of West Virginia holds approximately a 
uniform lithologic character throughout its entire exposure. It has 
been examined at the surface in most of the eastern counties and its 
presence is revealed in well logs in most of the central and western 
counties. At its outcrops, the formation is a thick succession of red- 
brown to gray-brown sandstones that are intimately associated with 
coarse lumpy arenaceous shales and some fine-grained olive-brown 
shales. Near the base are thin calcareous layers which derive their - 
lime from large numbers of marine fossils. Some fairly massive beds, 
and one or more partly conglomeratic members are common to any 
Chemung exposure. Attempts to correlate these more massive units 
from place to place indicate that none of them has any wide geographic 
distribution. Drill cuttings of several wells located in the central and 
western part of the state indicate that rocks occupying the Chemung 
interval are largely shale and siltstone. 

At nearly all points where the upper Chemung and basal Hamp- 
shire formations are exposed, their mutual contact is difficult to 
establish in the transitional beds through which one formation grades 
into the other. Probably the most practical upper limit for the 
Chemung is the point of disappearance of its most distinctive fossil, 
Cyrtospirifer disjunctus. Specimens of this species as well as of other 
diagnostic Chemung forms extend well above the lowest red beds of 
Hampshire (“Catskill”) type, but do not reach into the zone of pre- 
ponderant red rocks, or, at many localities, to the so-called “Hen- 
dricks” sandstone commonly used as a field boundary. These data 
strongly suggest the gradual passage of one formation into the other 
across a boundary that reflects an oscillating strand line separating 
areas of marine and non-marine deposition. The contemporaneity of 
the lower Hampshire and uppermost Chemung beds seems logical. 

Although the Chemung as a whole is sparingly fossiliferous, certain 
zones supply abundant fossils, including “‘Spirifer’’ mesacostalis, 
Camarotoechia congregata, Atrypa hystrix, and Cyclonemina multi- 
striata. The formation ranges from 2,000 to 3,000 feet thick in the 
east-central and northeastern counties, but thins southward to about 
200 feet in the vicinity of Bluefield. 


HAMPSHIRE FORMATION 


Inasmuch as the redbeds of the Catskill Mountains of New York 
have been recently determined to be of Portage and Hamilton age, it 
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seems unwise further to apply the name “Catskill” in the Appalachian 
region to redbeds that are post-Chemung. Hence, the appropriate 
name, Hampshire formation, long ago applied by Darton to the excel- 
lent exposures of this series in Hampshire County, is here revived for 
rocks previously called ‘‘Catskill” in West Virginia. 

The Hampshire formation consists of a non-marine succession of 
sandstones and shales without important variations in their monoto- 
nous alternation. The prevailing color of the beds is red, although there 
is a larger volume of green sandstone and thin greenish shales than is 
customarily reported. The more massive sandstones are prominent 
local ridge-makers and commonly weather slabbily so as to reveal a 
strongly developed cross-bedding. Many of the sandstones take on a 
shaly appearance when weathered. The formation is well developed 
in the northern counties along the Potomac where its maximum thick- 
ness of about 3,000 feet is attained in Morgan and Hampshire counties. 
It thins westward and southward. Although mainly below ground 
west of Cheat River, the formation has been penetrated by wells as 
far west as Wetzel County. It may be traced at the surface of the 
ground as far south as eastern Greenbrier County, but appears to be 
absent south of the latitude of White Sulphur Springs. Except for 
fairly common plant fossils, some of which include the earliest ferns, 
and fragmentary fish remains, a few scattered Lingulas represent the 
only reported Hampshire fossils. 

As previously described, the basal contact of the Hampshire 
formation is transitional with the underlying Chemung formation. 
The upper contact, likewise, is not sharp. Near the top of the formation 
it is common to find thin conglomeratic zones which strongly resemble 
the overlying Pocono, or Price, formation, and the actual contact 
between the Devonian and Mississippian systems is ordinarily located 
at the point above which these conglomerates become most numerous 
and massive. There is no evident disconformity or reliable paleonto- 
logic evidence to use in precisely determining the actual upper termi- 
nation of the Devonian system in many parts of West Virginia. 
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RAMSEY OIL POOL, PAYNE COUNTY, OKLAHOMA! 


V. L. FROST? 
Tulsa, Oklahoma 


ABSTRACT 


The Ramsey oil pool, located 6 miles southwest of Stillwater, Payne County, Okla- 
homa, was discovered in 1938. Interesting surface faulting and core-drill data instigated 
geophysical prospecting in this area and led to the discovery of the pool. The subsurface 
structure is a flat-topped, steeply dipping, almost circular, faulted dome with 130 feet 
of pre-Pennsylvanian truncation. 

The producing formation, the First “Wilcox” sand, is a member of the Simpson 
group of Ordovician age, and has a vertical producing range of 1869 feet. 

The pool has a proved area of 390 acres and has produced 2,703,013 barrels of oil 
to June 1, 1940, which gives an average of 6,931 barrels per proved acre. The present 
daily allowable is 3,800 barrels from 38 producing wells. The Mid-Continent Petroleum 
Corporation operates 36 wells, the only other operator being the Stanolind Oil and Gas 
Company with two wells. 


LOCATION 


The Ramsey oil pool is located in the east half of Sec. 13, T. 18 N., 
R. 1 E., and the west half of Sec. 18, T. 18 N., R. 2 E. (Fig. 1). It is 
in Payne County, 6 miles southwest of Stillwater, the county seat. 
With reference to near-by oil pools it is 4 miles north of Coyle, 12 
miles southeast of Reiter-Foster, 9 miles west of Mehan, 8} miles 
southwest of Katz, and 8 miles northwest of the recently discovered 
South Perkins pool. 


INTRODUCTION 


Until the opening of the Ramsey pool, Payne County had been 
considered a poor area to prospect. Producing structures had been 
small and ordinarily disappointing due to poor reservoir rocks and 
limited productive range. 

Some operators held protective leases in the Ramsey vicinity due 
to the presence of many small surface faults. The area became more 
interesting when core drilled but remained unexplored until local 
seismograph closure was discovered. 

The Mid-Continent Petroleum Corporation, because of favorable 
geophysical information, increased its holdings in this area, and in 
November, 1937, commenced a well in the southwest corner of the 
northwest quarter of Sec. 18, T. 18 N., R. 2 E. This is the center of a 
community block embracing the east half of Sec. 13, T. 18 N., R. 1 E., 


1 Manuscript received, June 12, 1940. 


2 Mid-Continent Petroleum Corporation. The writer is indebted to Jess Scarbor- 
ough, vice-president in charge of the land and geological departments, H. W. Peabody 
of the geological department, and G. W. Showalter of the production department of 
Mid-Continent Petroleum Corporation for their helpful suggestions and criticisms of 
the manuscript. Chester Kuhn of the engineering department drafted the illustrations 
used in the paper. The permission of the Mid-Continent Petroleum Corporation to 
publish the report is sincerely appreciated. 
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and the west half of Sec. 18, T. 18 N., R. 2 E. This community block 
is owned by the Mid-Continent Petroleum Corporation, the Carter Oil 
Company, the Sinclair Prairie Oil Company, and the Transwestern 
Oil Company. This well, the Ramsey No. 1, surprised many geologists 
when it found the Mississippian limestone absent, thereby proving 
the presence of more than 1oo feet of local truncation. The well 
encountered the First ‘Wilcox’ sand at 4,768 feet and had oil “pay” 
from 4,780 to 4,795 feet, the total depth. It came in, January 2, 
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Fic. 1.—Geographical sketch showing location of Ramsey pool. 


1938, flowing 550 barrels of oil per hour and receiving a daily potential 
of 13,344 barrels daily, a new record for Payne County. Orderly de- 
velopment continued and at the end of January, 1940, a total of 38 
producing wells had been completed with an average daily potential 
of 8,500 barrels. At the present time, June 1, 1940, drilling develop- 
ment of the First ‘‘Wilcox”’ sand is completed. 


TOPOGRAPHY AND GENERAL SURFACE CONDITIONS 


The Ramsey pool is located on a long, broad, gently sloping ridge 
made comparatively rugged by numerous small, deeply incised 
streams. Surface elevation varies from 938 to 1,050 feet. 

The area was originally pasture land and is largely covered with 
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scrub-oak timber. The red soil is deeply eroded and unfavorable for 
farming purposes. Fresh water for domestic purposes is obtained from 
wells varying from 30 to 150 feet in depth. Water for drilling is ob- 
tained from small ponds. 


SURFACE STRATIGRAPHY 


The surface is covered with weathered red clay shale of the Still- 
water formation. Massive red sandstone members of this formation 
crop out in many of the stream valleys. 


SUBSURFACE STRATIGRAPHY 
PERMIAN 


The Stillwater formation of the basal Permian is here represented 
by about goo feet of alternating maroon shales and red sandstones. 
Most of the sand members are porous and contain fresh water. 


PENNSYLVANIAN 


The Pennsylvanian rocks in this area consist of about 3,600 feet 
of interbedded shales, limestones, and sandstones. Some of the most 
common Pennsylvanian markers are the Pawhuska limestone en- 
countered at 1,580 feet; the Checkerboard at 3,800 feet; the Oswego 
at 4,100 feet; and the Inola limestone at 4,400 feet. 


MISSISSIPPIAN 


The Mississippian limestone formation, on structure, varies from 
o to 105 feet in thickness. The upper part of this formation consists 
of hard, cherty, siliceous, medium-crystalline to granular, buff lime- 
stone. The lower 20 feet is characteristically dark brown, argillaceous 
limestone with a 3—5-foot glauconitic member at the base. 

The Chattanooga formation is black, carbonaceous, pyritic shale 
averaging 37 feet in thickness. Here, as is typical, the formation con- 
tains many specimens of the fossil Sporangites. 

The Misener formation varies from pure, porous, round-grained 
sandstone to black, dolomitic, shaly sand. It varies from o to 6 feet in 
thickness and everywhere contains good showings of oil in structurally 
high wells. 

SILURO-DEVONIAN 


The Hunton formation is represented by 35 feet of cavernous, 
dolomitic limestone at the top and by 15 feet of hard, medium-crystal- 
line, glauconitic Chimney Hill limestone at the base. The upper part 
of the Hunton is everywhere saturated with oil on structure. 
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ORDOVICIAN 

The Sylvan formation is platy, apple-green shale averaging 80 feet 

in thickness. The Sylvan is classified as Ordovician by most writers. 
The Viola limestone here consists of 35-40 feet of coarsely crystalline, 


Fic. 2.—Geologic structure map, Ramsey pool, contoured 
on top of middle Pawhuska limestone. 


buttermilk-white limestone of Fernvale age. The Simpson group is 
represented by 4-20 feet of hard, dense limestone underlain by an 
average of 30 feet of hard to soft, porous, medium-crystalline dolomite 
which is very sandy at the base. The First “Wilcox” sand underlies 
the dolomite and comprises 2-6 feet of hard, porous, round-grained 
sand; 6-15 feet of dolomite, limestone, and green shale; and approxi- 
mately 30 feet of soft, round, very porous sand which tends to be 
shaly downward. None of the producing wells has penetrated this 
sand. 
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SURFACE STRUCTURE 
The surface structure is that of a homocline dipping gently south- 
west at an average rate of 4o feet to the mile. This feature is broken 
by many small faults with an average of 5 feet of throw. 


L 
2e—~e 


: 


Fic. 3.—Geologic structure map, Ramsey pool, contoured 
on top of Checkerboard limestone. 


SUBSURFACE STRUCTURE 


The subsurface structure of the Ramsey pool is a flat-topped, 
almost circular dome, dipping abruptly in all directions and cut on the 
east side by a north-south normal fault. The closure amounts to more 
than 200 feet and the vertical producing range takes in 189 feet of this 
amount. The Ramsey dome has a maximum pre-Pennsylvanian trun- 
cation of 130 feet as the Mississippian limestone is absent on the crest 
of the structure. : 
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STRUCTURAL HISTORY 
Critical structural movement came at the close of Mississippian 
time when the Ramsey area was deformed. During, or immediately 
following uplift, base levelling occurred and the structurally high area 
was eroded. This truncation included all of the Mississippian limestone 


Fic. 4.—Geologic structure map, Ramsey pool, 
contoured on top of Inola limestone. 


on the crest of the Ramsey dome (Fig. 5). Probably contemporaneous 
with this post-Mississippian uplift, a normal fault was developed on 
the east side of the Ramsey structure. The downthrown side retains 
a full stratigraphic section; the upthrown side was exposed and 
truncated. As erosion neared base level the Cherokee seas flooded the 
low land on the east, rose over the truncated dome and submerged it 
completely, shortly before the Bartlesville sand was deposited. Dep- 
osition continued with alternating intervals of movement and 
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quiescence. Notable movement took place between Checkerboard and 
Oswego time and during Dewey time. No appreciable movement took 
place after Dewey time until post-Permian time. 

That the post-Permian deformation was considerable is evidenced 
by the numerous small surface faults in the area. Suggestions of this 


Fic. 5.—Isopach map, Ramsey pool, showing thickness 
of Mississippian limestone. 


surface faulting carry downward through the Checkerboard formation. 

The Ramsey structure shows a decrease in closure progressively 
upward so that at the surface there is no closure as compared with 
more than 200 feet shown on the Wilcox sand. 


OIL- AND GAS-BEARING FORMATIONS 


The Cleveland sand at 3,850, the Red Fork sand at 4,350, and the 
upper Bartlesville sand at 4,450 feet contain here and there showings 
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of oil and gas but it is believed that none will be commercial. The 
lower Bartlesville sand at 4,520 is present only on the southeast edge 
of the pool but is saturated where present and will probably produce. 

The top of the Mississippian limestone at approximately 4,550 feet 
contains considerable oil in edge wells but is very erratic and probably 
uncommercial. The Misener-Hunton zone at 4,625 is everywhere 


Fic. 6.—Geologic structure map, Ramsey pool, 
contoured on top of Viola limestone. 


saturated on structure and is considered an important reservoir. None 
of the producing wells has been drilled to the Second ‘‘Wilcox” sand 
but it offers good prospects for future exploration. 


PRODUCING SAND 


At present the only producing formation in the Ramsey pool is 
the First “Wilcox” sand. It is the first sand body in the Simpson group 
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of Ordovician age and is believed to average 45 feet in thickness over 
the entire structure. 

The sand is remarkably clean and uniform lithologically and has 
an average porosity of 20 per cent. The sand is very soft and round- 
grained and varies from medium to coarse in texture. There is one 
persistent break in the sand body. It consists of shale with dolomite 
and limestone stringers, ranging from 4 to 15 feet in thickness, occur- 
ring from 2 to 6 feet below the top of the sand over the entire pool. 
This shale break seems to serve as a cap rock as the principal oil- 
producing bed is invariably found immediately beneath it. 

During the period of development the water level of the First 
“Wilcox” sand was approximately — 3,902 feet. 


RESERVOIR PRESSURE 


Three bottom-hole-pressure studies have been made since the 
opening of the pool. The original reservoir pressure, measured in 
Ramsey No. 1, the discovery well, was 2,038 pounds per square inch 
at —3,700 feet. After 2} years of flowing life and 150,400 barrels 
production, the pressure of this well has dropped to 1,889 pounds, a 
decrease of 149 pounds, which is only 4 pounds lower than the average 
for the entire pool. 

The first data recorded on pressure drop (in pounds per 100,000 
barrels of oil produced) were computed on March 7, 1938, when the 
daily withdrawal rate was 620 barrels from 4 wells. The average reser- 
voir pressure at this date was 2,034 pounds and the drop in pressure 
per 100,000 barrels produced was 8 pounds. 

The next survey was made, September 7, 1938, when the cumula- 
tive production was 277,004 barrels with a daily production of 1,950 
barrels from 13 wells. The average reservoir pressure at this time was 
1,983 pounds and the average drop per 100,000 barrels produced was 
25.37 pounds. 

The last general survey was made on February 24, 1939, when the 
cumulative production had reached 641,227 barrels with a daily with- 
drawal rate of 3,150 barrels from 21 wells. The average reservoir pres- 
sure at this date was 1,893 pounds, a drop of go pounds from the time 
of the first survey taken 5 months previously. The average drop per 
100,000 barrels was 20.69 pounds or 4.68 pounds less than the Septem- 
ber survey. 

These data indicate that bottom-hole pressures were subject to 
great fluctuation during early development of the pool. Since the 
reservoir sand at Ramsey is very permeable, the pressure adjustment 
point should soon be reached now that development is complete and 
withdrawal rates are constant. 
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PRORATION 


The Ramsey pool is subject to the spacing rule of one well for each 
ro acres and production has been under strict proration since the pool 
was discovered. As the number of producing wells increased, the well 
allowables were lowered until the present daily allowable is 100 
barrels. 

Individual potentials on the producing wells vary from 3,396 to 
15,240 barrels of oil daily with an average of 4} million cubic feet of 
gas. Well allowables are based on flat figure per well disregarding the 
potential factors. 


DEVELOPMENT AND PRODUCTION 


During the first yearof development in the Ramsey area, 21 wells 
were drilled of which 4 were dry and abandoned. 

To date, 45 wells have been drilled, 37 by the Mid-Continent 
Petroleum Corporation, 2 by the Stanolind Oil and Gas Company, 3 
by E. H. Moore, and 1 each by the Crosbie Incorporated, the Loffland 
Brothers Drilling Company, and the Berry Oil Company. Of these, 38 
wells are producing oil and 7 are dry and abandoned. Of these 38 oil 
producers, 7 now produce varying amounts of salt water, the highest 
individual percentage being 80 per cent. Only one well produced salt 
water initially. Four of the water producers are on the east edge and 
three on the northwest edge of the pool. At present salt water is dis- 
posed of by evaporation from several large ponds. Since the vertical 
producing range of the First ‘‘Wilcox”’ sand is 189 feet and due to the 
fact that several probable commercial zones are as yet untested, the 
Ramsey pool should be long-lived. 

The proved area of the pool is 390 acres and the probable total 
producing area is approximately 500 acres. To June 1, 1940, the field 
has produced 2,703,013 barrels of oil from 38 wells which is an average 
of 6,931 barrels per proved acre. The oldest producer in the pool, the 
Ramsey No. 1, has produced 150,400 barrels and is still flowing with 
prospects of long future production. 


DRILLING METHODS AND PRACTICES 


All wells were drilled by heavy types of steam or fuel-oil rotary 
drilling rigs and the methods practiced were in accordance with A.P.I. 
specifications and the Corporation Commission regulations. The holes 
were kept as straight as possible and when abnormal deviations did 
occur immediate steps were taken to straighten the hole. Totco 
straight-hole surveys were taken every 500 feet while drilling and the 
common practice was not to exceed 2° vertical. All wells were drilled 
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by contract rigs. The average time for drilling and completing a well 
was 28 days. The average cost for drilling and equipping a well ready 
to produce was $40,000. 

In order to protect fresh-water sands in the area, 10}-inch casing 
was set and cemented with 500 sacks at goo feet. An 83-inch hole was. 
then drilled to the base of the Viola limestone, usually about 4,750 
feet. The Bartlesville sand was cored if it carried favorable showings 
and the Hunton limestone was invariably cored. The oil string of 
7-inch outside diameter, seamless steel, 24-pound casing of the screw 
type was set and cemented with 800 sacks near the top of the Viola 
limestone. After the cement had set 72 hours the pits were cleaned 
and fresh drilling mud was mixed. Drilling was then resumed and all of 
the ‘‘Wilcox” sand section was cored. The hole was then circulated for 
several hours, 23-inch tubing was run to the top of the pay sand, con- 
nections were made, and the well was ready to bring in. The drilling 
mud in the hole was then displaced by oil from an adjoining producer. 
This lessening of the hydrostatic head against the oil sand allowed the 
well to start flowing immediately. The wells were allowed to flow 
through the casing into the pits until the hole had completely cleaned 
itself before they were turned into storage. 

While drilling, much care was exercised in the control of the drilling 
mud. It was seldom necessary to use artificial muds to a depth of 
about 4,400 feet. At this time considerable Aquagel was added to 
prevent loss of circulation in the Bartlesville sand and Mississippian 
limestone formations. 

After completion of all wells, the 127-foot steel derricks were left 
standing. Tank batteries were built in clusters of three 1,000-barrel 
tanks for each four producers. 


} 


BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
VOL. 24, NO. 11 (NOVEMBER, 1940), PP. 2006-2018, 11 FIGS. 


STRUCTURAL HISTORY OF BILLINGS FIELD, NOBLE 
COUNTY, OKLAHOMA, INTERPRETED IN 
TERMS OF ISOSTASY! 


MALVIN G. HOFFMAN? 
Tulsa, Oklahoma 


ABSTRACT 


This paper is an attempt to apply the theory of isostasy in the interpretation of the 
geologic events of the Billings dome, Noble County, Oklahoma. This dome is believed 
to have been thrust upward periodically from Cambrian time to early Pennsylvanian 
time. Each period of upthrusting appears to have been directly related to the deposition 
of thick bodies of sediment in southern Oklahoma. The greatest deformation, during 
which the Billings anticline was folded and faulted, followed the deposition of the 
Mississippian limestone. This deformation occurred while 20,0000 feet of sediments 
were accumulating in the Ouachita basin and 6,000 feet of sediments were accumulat- 
ing in the Ardmore-Anadarko basin. 


During most of Pennsylvanian and Permian time more than 4,000 feet of sediments 
were deposited in the region including the Billings dome. Differential downward ad- 
justment of the earth’s crust was necessary to compensate for this overload of sedi- 
ments. The downward adjustment was greater in the synclines adjacent to the dome than 
on it, which made it possible for the Billings fold to be reflected upward through the 
beds to the surface. 

One fundamental idea derived from the theory of isostasy is that 
the earth’s crust tends toward a state of balance or equilibrium rather 
than that it is in balance. Any condition of equilibrium which is 
reached is soon upset by the processes of erosion and deposition; and 
crustal warping can be expected to occur as soon as loading and un- 
loading exceed the crustal strength. 

Loading in the basin areas and unloading of the land areas go on 
more or less simultaneously, and the subsequent adjustments in the 
earth’s crust which must follow will also go on more or less simul- 
taneously. The downward movement in the basins must cause move- 
ment of the subcrustal material. Stresses in the subcrustal material 
should find relief in an upward direction at those places where there 
is a deficiency of material. The gravity values at such localities are 
known as negative anomalies and are less than the normal values. It 
is possible that some area of low positive anomalies may be elevated 
along with areas of negative anomalies. 

Some general problems of isostasy were discussed by the writer* 
in a paper in which it was indicated that the amount of movement 
resulting from isostatic adjustment will be approximately in the ratio 
of 5 to 6. A basin will sink about $ the thickness of the deposited sedi- 

1 Read before the Tulsa Geological Society, March 4, 1940, the Oklahoma City Geo- 


logical Society, March 11, 1940, and the American Association of Petroleum Geologists 
at Chicago, April 12, 1940. Manuscript received, May 11, 1940. 


2 Consulting geologist, 1603 South Knoxville. The writer is indebted to Albert 
Johannsen and J. A. Sharpe for having critically read the manuscript. 


5 Malvin G. Hoffman, “Structural and Magmatic Processes in the Isostatic Layer,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 23, No. 9 (September, 1939), P. 1325. 
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ments, because the underlying material that is displaced is about $ 
times as heavy as the sediments. If 600 feet of sediments are put into 
a basin there will be displaced 500 feet of subcrustal material in order 
to re-establish equilibrium. This will leave the bottom of the basin 
only roo feet higher than it was originally. If the process is repeated 
several times the basin will ultimately be filled. It may be stated 
generally that the thickness of sediments which a basin can receive 
will be about 6 times its initial depth. Thus, 6,000 feet of sediments 
could be piled into a basin 1,000 feet deep. The reverse process is car- 
ried on through erosion. If 6,000 feet of rock is removed from a moun- 
tain range, the range will have to rise 5,000 feet in order to re-establish 
the balance of the crust. This process, too, may be repeated a number 
of times until the land is finally reduced to base level. 

So much emphasis has been placed upon deformation by hori- 
zontal compression that vertical movements have been largely neg- 
lected. Many of the oil-producing folds in the Mid-Continent region 
show considerable evidence of tensional stresses which could very 
logically be explained by vertical movements, while there is almost no 
evidence for compressional stresses. 

Accumulated data on the Billings dome in T. 23 N., R. 2 W., Noble 
County, Oklahoma, indicate that it has experienced a series of vertical 
movements. This dome is typical of many others which form a belt of 
anticlinal folds extending from central Oklahoma to central Kansas. 
It is known that some of these folds overlie a range of buried granite 
peaks and ridges, known as the Nemaha granite ridge, and it is sup- 
posed that the others show the same relationship. The deformation 
in all of them is similar, yet not identical; therefore, the discussion in 
this paper is confined to the Billings dome. The other folds differ in 
detail but not in principle. 


REGIONAL STRATIGRAPHY 


The greater part of Oklahoma was an area of deposition during 
most of the Paleozoic era. From Cambrian time through the Devonian 
the thickest deposits were laid down in the southern part of the state 
in the general locality of the Arbuckle and Wichita mountains. The 
maximum thickness was 11,000 feet or more, assigned as follows: 
Arbuckle limestone 6,350 feet plus, Simpson group 2,300 feet, Viola 
limestone goo feet, Sylvan shale 450 feet, and Hunton limestone 1,000 
feet.* According to the estimated relative densities between the crustal 

4 The maximum thickness of the Arbuckle limestone as measured on the outcrops 
by the Pure Oil Company is 6,350 feet, according to an oral communication from Ira H. 
Cram. The thickness as published by C. E. Decker in Oklahoma Geol. Survey Cir. 22 
(1939), P. 12, is 7,292 feet. The Simpson thickness was reported by C. E. Decker and 


C. A. Merritt in Oklahoma Geol. Survey Bull. 55, p. 98. The other formation thicknesses 
aa from well logs. 
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Fic. 1.—Outline map of Oklahoma showing location of Nemaha granite ridge folds 
and area of thickest sedimentation from Cambrian time through Devonian. 
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Fic. 2.—Areas of thickest sedimentation during Mississippian and Pennsylvanian periods. Ouachita 
basin is located in southeastern Oklahoma and Ardmore-Anadarko basin in southwestern Oklahoma. 
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and subcrustal material the total depth of this early Paleozoic deep 
should have been about 1,900 feet and during deposition the basin 
should have sunk approximately 9,000 feet. This large amount of 
sinking would have caused considerable shifting of the subcrustal 
material. The resultant upthrusting probably extended out in all 
directions from the area of subsidence but was similar in amount to the 
subsidence. A rough quantitative calculation of the volume of this 
downward displacement was 25-35 times as much as could be ac- 
counted for by upthrusting in the entire Nemaha granite ridge. Evi- 
dently, structural adjustments should be sought for in other areas. 

Very marked paleogeographic changes in Oklahoma began some 
time in the Devonian period. Two depositional deeps were developed, 
one in the Ouachita basin and the other in the Ardmore-Anadarko 
basin. The Carboniferous sediments in the Ouachita basin are more 
than 25,000 feet thick,> and in the Ardmore-Anadarko basin they are 
over 18,000 feet thick. About 20,000 feet of the Ouachita sediments 
are post-Chester to pre-Cherokee. Geologists now generally agree 
that the lower 6,000 feet of the Ardmore section are of similar age. 
While these thick bodies of sediments were being deposited important 
structural movements were taking place in other parts of Oklahoma. 
The Nemaha granite ridge folds experienced their greatest deformation 
at this time. 

During the Pennsylvanian and Permian periods the seas deepened 
northward, and the area including the Billings dome became a site 
of deposition instead of erosion. Approximately 4,000-7,000 feet of 
late Paleozoic sediments were deposited in north-central Oklahoma. 
The area including the Billings dome was adjusted downward in order 
to compensate for this overload. The downward movement was dif- 
ferential, being greater in the synclines than on the anticlines, because 
of the greater thickness of sediments in the synclines. It is likely that 
by this process of differential downward movements the underlying 
structural conditions were reflected through the column of Pennsyl- 
vanian and Permian beds to the surface. 


HISTORY 


The cross section shown in Figure 3’ exhibits the present structure 
of the Billings area as it is known from a study of well cuttings. Fol- 
lowing the deposition of the Arbuckle limestone the area was subjected 

5H. D. Miser, Oklahoma Geol. Survey Bull. 50 (1929), p. 7. 

6 C. W. Tomlinson, Oklahoma Geol. Survey Bull. 46 (1929), Pls. 19, 20. 


_ _ 7 All the cross sections are oriented west and east, west on the left and east on the 
right. The scales are the saine in all the cross sections, the vertical scale being 2} times 
the horizontal. 
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to erosion. The next event was the deposition of the beds of the Simp- 
son group and the Viola limestone which together had a total thickness 
of about 425 feet. The area was again subjected to erosion in post- 
Viola pre-Chattanooga time and the upper beds were removed. The 
Sylvan shale and Hunton limestone are not present in the Billings 
area. Whether or not they were deposited and completely eroded has 
not yet been determined. The Chattanooga shale, about 50 feet thick, 
was then deposited unconformably on the Simpson formation. The 
shale was then disconformably overlain by the Mississippian limestone 
which is now generally considered to be of Meramec age. The Billings 
dome was elevated, folded, and faulted after the deposition of the 
Meramec limestone. The displacement of the beds along the fault 
during this stage of activity was about 600 feet. 

The Cherokee shale, the oldest Pennsylvanian formation present, 
rests unconformably on the post-Mississippian erosion surface. A total 
of at least 4,200 feet of Pennsylvanian and Permian beds were de- 
posited on the Billings dome area. Small repeated structural move- 
ments occurred during the deposition of these beds. Such movements 
increased the amount of displacement along the fault and increased 
the folding in the older rocks. The increased displacement of the fault 
was 400 feet making a total displacement of 1,000 feet, and the late 
folding of the beds is reflected in the surface rocks as a sharp south- 
westward-plunging anticlinal nose. 


RECONSTRUCTION 


The following series of events is a hypothetical reconstruction of 
what is thought to have occurred in the Billings area based on the 
effectiveness of isostatic adjustments. It should be kept in mind that 
the Billings dome is not regarded as an isostatic unit, but rather as a 
part of a larger segment which was subjected to similar changes. It is 
assumed that the buried Nemaha granite ridge had its inception in 
Cambrian time or earlier for the following reasons. 1. At localities 
where the Arbuckle limestone has been penetrated by the drill the 
limestone has been found to be resting on granite or a disintegration 
product of granite, as for example at Garber in north-central Okla- 
homa, and at Oxford in south-central Kansas. The granite is an in- 
trusive rock, most likely of late Proterozoic age. In order to expose 
the granite so that the Arbuckle limestone could have been deposited 
in contact with it the granite must have been uplifted and the overly- 
ing rocks into which it was intruded have been eroded before the time 
of deposition of the Arbuckle limestone. 2. The localization into domes 
strongly suggests the presence of the peaks and ridges during a very 
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Fic. 5.—Post-Arbuckle deformation. Inferred amount of uplift, warping, and depth of erosion are indicated. 
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Fic. 6.—West-east cross section of Billings area after deposition of Simpson beds and Viola limestone. Contact with Arbuckle limestone is unconformable. 
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early stage in the ridge history. The peaks may have acted as projec- 
tions that were thrust upward during periods of isostatic adjustment 
brought about by the sinking in the depositional deeps. 

Figure 4 represents a theoretical reconstruction of the Billings 
dome at the close of the deposition of the Arbuckle limestone. The 
Arbuckle seas are regarded to have encroached upon a granite hill 
which stood about 1,200-1,500 feet above the surrounding country. 
The limestone beds overlapped one another until they buried the 
granite under possibly 800-900 feet of beds. 

The close of Arbuckle deposition was marked by uplift and warp- 
ing (Fig. 5). This adjustment was made necessary by the deposition of 
6,000-7,000 feet of limestone in the early Paleozoic deep of southern 
Oklahoma. Compensation for downward movement in the deep called 
for upward movement in surrounding areas. Several movements may 
have occurred during Arbuckle deposition as it is quite reasonable to 
suppose that upwards of 7,000 feet of limestone was not deposited in 
one stage. Such movements probably were marked by unconformities 
at Billings although the evidence for them has not yet been uncovered. 

The beds of the Simpson and Viola formations, about 425 feet in 
thickness (Fig. 6), were deposited on the eroded surface of the Ar- 
buckle limestone. The area was then uplifted and the subsequent ero- 
sion extended downward about roo feet to the ‘‘Dolomite”’ (Fig. 7). 
Coincident with the deposition of the Simpson and Viola beds, about 
3,200 feet of sediments were deposited in the early Paleozoic deep of 
southern Oklahoma. The deposition of such a body of sediments 
would certainly suggest that some isostatic adjustment should 
have resulted in the upward moving areas. 

The opening of Chattanooga time found the Billings dome area 
peneplaned along with most of Oklahoma. The spreading Chattanooga 
sea covered Billings with 50 feet of Chattanooga shale, which in turn 
was overlain by 250 feet of Mississippian limestone (Fig. 8). 

The post-Meramec movements in Oklahoma were very marked 
and widespread, and coincident with the great volume of deposition 
in the Ouachita and Ardmore-Anadarko basins. The greatest disturb- 
ance in the structural history of the Billings dome occurred at this 
time. The amount of upthrusting was sufficient to produce faulting. 
The displacement at this time was about 600 feet (Fig. 9). From the 
close of Meramec time to the beginning of Cherokee time the Billings 
area was elevated, folded, faulted, and reduced approximately to a 
peneplain. The amount of displacement of subcrustal material result- 
ing from the enormous deposition in the Ouachita and Anadarko 
basins at this time can be roughly estimated to be about 100 times as 
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much as can now be observed in the entire Nemaha granite ridge. 
Undoubtedly, great structural adjustments may be discovered in 
other regions to account for so much displacement in the subcrustal 
layers. 

The Ardmore basin received several thousand feet of sediments 
during early Pennsylvanian time. Compensating upward movements 
very likely were recorded at Billings. They may not have been large 
enough to have raised the Billings area above water but they probably 
were great enough to have sufficiently folded the overlying beds so 
that the structure was reflected through the earliest Pennsylvanian 
sediments present. 

The late Paleozoic seas deepened toward the north and approxi- 
mately 4,000-7,000 feet of Pennsylvanian and Permian sediments 
were deposited in north-central Oklahoma (Fig. 10). The Billings area 
was submerged and the sedimentary evidence strongly suggests that 
it may have remained so until some time in the Permian. 

Late Paleozoic movements at Billings appear to have been down- 
ward rather than upward (Fig. 11). Downward adjustment was neces- 
sary to compensate for the large body of sediments which was being 
deposited in this area. The movements should have been differentially 
downward because of the greater thickness of sediments in the syn- 
clines surrounding the granite ridge folds than on the folds themselves. 
The synclinal areas would then have experienced a greater downward 
movement during each period of adjustment than did the anticlinal 
areas. The reflection of the Billings dome through the Pennsylvanian 
and Permian heds may have been brought about in this way. 
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STUDENT AWARDS 


PREFACE 


The idea of offering certain outstanding students a definite incentive for 
extra interest in the subject of petroleum geology was put into concrete form 
at a meeting of the West Texas Geological Society on June 21, 1939. A resolu- 
tion presented by two members of that society provided for such awards to 
“promising” graduates of the geological departments of Texas Technological College 
at Lubbock, Texas, and the Texas College of Mines at El Paso, Texas; this award to 
consist of a two-year paid-up associate membership in the American Association of 
Petroleum Geologists. 


A committee was appointed to work out the details of the plan and a 
course of procedure. Those of our readers who are interested in this plan will 
find it fully described on page 195 of Volume 24 of the Bulletin. 

The two students selected for the 1940 Student Merit Award were George 
T. Thomas and Robert A. Whitlock, Jr. Mr. Thomas is a graduate of the 
Texas Technological College, and Mr. Whitlock is a graduate of the Texas 
College of Mines and Metallurgy. A brief description of the life history of 
these two students was printed in the Bulletin on page 1144 of Volume 24. 

The second society affiliated with the A.A.P.G. which adopted the Stu- 
dent Award Plan was the Houston Geological Society. At a meeting held on 
May 2, 1940, a plan was adopted to honor students in the departments of 
geology and of petroleum engineering at the Texas Agriculture and Mechani- 
cal Arts College. The society voted to appoint a student award committee 
consisting of three members. This committee will present to the school of 
petroleum engineering and the department of geology of the Texas A. & M. 
College a list of subjects from which the professors select one as the theme for 
an essay. These essays must be completed early in the Spring semester and 
evaluated by three faculty members of each college. Subsequently three candi- 
dates in each college are selected on the basis of scholarship, personality, 
originality, adaptability, and the excellence of the essay written. The six stu- 
dents so selected are entertained by the Houston Geological Society at a 
meeting at which time the paper written by each student is read. The society 
then selects one student from each of the two departments to be the recipient 
of the student award. The selected honorees sponsored by the society and their 
applications for associate membership in the A.A.P.G. are then forwarded by 
the Houston Geological Society to the executive committee of the A.A.P.G. 
for final action according to the constitution and by-laws of the Association. 
Upon approval of the applications by the executive committee the Houston 
Geological Society pays the annual dues for two years and presents member- 
ship cards to the honorees at the time of their graduation in June. 

The two students who received the Houston Geological Society awards in 
June, 1940, are V. N. Burgess and Chas. V. Roberts, Jr. 

The third society affiliated with the A.A.P.G. to adopt the Student Award 
Plan was the South Texas Geological Society. According to the plan of this 
society, the award will consist of the payment by the society of two years 
annual dues of associate membership in the A.A.P.G. In addition the Ameri- 
can Association of Petroleum Geologists will also present to the winner a 
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bound volume of the Bulletin for the year previous to the one in which the 
award is granted. Incidentally it may be well to mention that a bound volume 
of the Bulletin is presented to every successful candidate receiving the Student 
Honor Award. This is done on the recommendation of the executive committee 
for the year ending March, 1940. According to the method of procedure of 
the South Texas Geological Society not less than three or more than five 
candidates for the award are selected by the faculty of the department of 
geology of the University of Texas. These candidates are selected on the basis 
of a competitive dissertation and the following qualifications: character and 
personality; scholarship; coéperativeness; initiative and adaptability; and 
qualities of leadership. 

The subject chosen for the 1940 dissertation was ‘Relationship of Un- 
conformities to Oil and Gas Accumulation.” The three candidates who were 
chosen to present their dissertations on this subject were Frank J. Gardner, 
a graduate student, F. Mack Samford, a graduate student, and Lewis Hays 
Rogers, a senior student. The three candidates read their dissertations before 
the assembled South Texas Geological Society on May 17, 1940, in San 
Antonio, Texas. Mr. Gardner was selected as the winner of the award. 

In order to encourage young students of petroleum geology to study fun- 
damental concepts involved in petroleum geology, the essay written by Mr. 
Gardner is presented on the succeeding pages. It is not the policy of the edi- 
torial board of the Bulletin to present every winning essay of each sponsoring 
society. Each year, however, an effort will be made to select one of them for 


publication. 
W. A. VER WIEBE, Editor 


HOUSTON GEOLOGICAL SOCIETY AWARDS 

V. N. Burcess, B. Petrol. Eng. (geology, 18 hours), June, 1940, Agricul- 
tural and Mechanical College of Texas, College Station, Texas (1936-40). 
Born, April 11, 1918, Dallas, Texas. Preparatory: Sunset High School, Dallas; 
North Texas Agricultural College, Arlington (1935-36). Experience: 1937 
(summer), office work, Texas Employers Insurance Association; 1939 (sum- 
mer) apprentice engineer, Stanolind Oil and Gas Company, Beaumont, Texas, 
Member of Petroleum Engineering Club and of Students Chapter, Amer. 
Inst. Min. Met. Engineers; major in coast artillery; ranked seventh in class 
of 68 seniors in petroleum engineering. 


V. N. BurcEss CHARLES VAUGHN ROBERTS, JR. 
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CHARLES VAUGHN RoBErTS, JR., B.S. (geology, 75 hours), June, 1940, 
Agricultural and Mechanical College of Texas, College Station, Texas (1935- 
40). Born, November 4, 1916, Coffeyville, Kansas. Preparatory: Texas high 
schools at Rising Star (1930-31), Uvalde (1931-32), and New London 
(1932-34; post-graduate, 1935). Experience: 1935-36 (summers), roustabout; 
1937 (spring and summer), second class operator, gasoline plant; 1938 
(summer), roustabout—all for Humble Oil and Refining Company, Houston, 
Texas. Member of Geology Club; graduate assistant in geology department. 


SOUTH TEXAS GEOLOGICAL SOCIETY AWARD 


FRANK JOHNSON GARDNER, B.A. (August, 1936), M.A. (June, 1938), 
candidate for Ph.D. (geology, 63 hours), University of Texas, Austin, Texas 


FRANK JOHNSON GARDNER 


(1932-40). Born, October 6, 1915, Fort Towson, Oklahoma. Preparatory: 
Alice, Texas, High School (May, 1932, highest honors). Experience: February, 
1937, to September, 1939, petroleum engineer, Railroad Commission of 
Texas, Austin; January, 1940, to June, 1940, assistant in geology depart- 
ment, University of Texas; August, 1940- , geologist, Rinehart Oil News Com- 
pany, Houston. Member (inactive) of Southwestern Geological Society; 
Sigma Gamma Epsilon (national geology fraternity); Sigma Xi (national 
fraternity for advancement of research in science). Publications: “South 
Texas Oil” (Master’s thesis), Rinehart Oil News (1938); “Discoveries of 1938” 
and ‘New Pools of 1939,” ibid. (1939 and 1940); “A Correlation of Charac- 
teristics of the Oil Fields of North and North-Central Texas” (Ph.D. dis- 
sertation), Rinehart Oil News Company (1940). 
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RELATIONSHIP OF UNCONFORMITIES TO OIL AND 
GAS ACCUMULATION! 


FRANK J. GARDNER? 
Austin, Texas 


I should like to preface my observations with the following very 
excellent quotation of W. H. Twenhofel. 

... The writer has little patience with the rather smug acceptance of 
ancient doctrines merely because they have behind them the voice of authority 
and the cloak of antiquity .. . It is the privilege and also the responsibility 
of the geologist to examine old concepts and to accept them if they can stand 
the examination and modify or reject them if they cannot. It is easy to accept . 
ancient concepts without question as such is the path of least resistance, but 
it is not the path of progress nor the way of science. 


In this discussion no attempt will be made to arrive at dogmatic 
conclusions. Instead, my thesis shall be first, to answer a few of the 
pertinent questions regarding the subject, and second, to propound 
new questions for consideration. What is an unconformity? Why does 
oil accumulate in unconformities? Of what importance are they? How 
can we be sure they are present? These are only a few of the questions 
which present themselves in this connection. 

What is an unconformity? Definitions are plentiful, but I am won- 
dering if, from time to time, we might not revamp our definitions and 
modernize our conceptions. ‘‘ . . . an unconformity represents a break 
in the geologic sequence and is a surface of erosion or non-deposition 
separating two groups of strata’’—this definition, given by Levorsen 
in 1934, is a good one; it allows flexibility in the determination of un- 
conformity. If the strata below the stratigraphic break are nearly 
parallel with those above, it is classified as a disconformity; an un- 
conformity separating strata which are not parallel is a nonconformity. 
A diastem indicates an erosional interval of less magnitude than a 
disconformity and is represented in another area by at least part of a 
geologic formation. To these definitive statements, I should like to 
add Twenhofel’s idea that ‘“Many unconformities are of submarine 
origin—the result of omission of deposition followed by recession.” 

Why does oil accumulate in or around these erosional breaks? 
Surely, the oil is not indigenous; may we not describe unconformities, 
then, as “endpoints of migration?” The accumulation centers might 
result from any one of a number of processes. Soluble rocks, such as 


1 Manuscript received, June 12, 1940. 


? Graduate student, University of Texas. Present address: Rinehart Oil News 
Company, 504 West Building, Houston, Texas. 
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limestones, when exposed to erosion become porous by solution and 
hence provide a trap for the retention of oil; or insoluble residuary 
materials and talus may be broken up and collected near the surface 
below an old erosional plain or against the slope of an old “high’”— 
these also are porous and form good potential reservoirs, as, for 
example, in the Panhandle of Texas; thirdly, rocks immediately above 
an unconformity are ordinarily shallow-water deposits and normally 
consist of sands and gravels that are highly porous. Any one of these 
sets of conditions might result in the formation of a suitable trap at an 
unconformable surface. Sometimes a mere change in lithologic char- 
acter or texture of sediments is sufficient to trap oil in large quantities. 

These porous erosion surfaces offer passage to the oil and gas con- 
tained in adjacent formations, permit storage in their own porous 
openings, and encourage movement of oil and gas from one strati- 
graphic level to another. In some cases, they offer movement from 
source beds on one side of the unconformity to porous reservoirs on 
the other. These erosional surfaces also present sand lensing on the 
flanks of eroded peaks and highs, to further encourage oil accumula- 
tion. 

With these facts in mind, may we consider unconformities as 
structural traps or as stratigraphic traps? A stratigraphic trap has 
been defined as “one in which a variation in the stratigraphy is the 
chief confining element in the reservoir which traps the oil.” A. I. 
Levorsen in 1936 presented an interesting paper entitled “Stratigraphic 
versus Structural Accumulation.” Of the world’s ten largest pools 
named by him as stratigraphic traps, all were pools which are de- 
pendent upon the presence of an unconformity for their existence. If 
we consider unconformities as stratigraphic traps, then their impor- 
tance to the oil industry assumes new and overwhelming proportions, 
and we must classify approximately go per cent of the producing fields 
in Texas as unconformity fields. Regarding the San Joaquin field of 
California, Cunningham and Kleinpell make the following significant 
observation: “Every productive formation and nearly every producing 
zone within every formation are productive in relation to unconformity 
at some place in the area,” and again: “A review of the producing 
fields indicates that the presence of unconformity has caused the ac- 
cumulation ... of the major portion of the... oil.” 

The classification of unconformities is a great problem in itself. 
For our purposes, I think they might be divided into worldwide, re- 
gional, areal, and local. Of course, we know of no “worldwide” un- 
conformity, but some stratigraphic breaks are found over such widely 
scattered areas that for purposes of correlation, they approach that 
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Ordinary disconformity 


B. Nonconformity oil trap 
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Fic. 1—Sketch to show four common types of unconformity oil reservoirs. 
A. Ordinary disconformity. 
B. Nonconformity oil trap. 
C. Buried, truncated anticline. 
D. “Buried Hill.” 
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magnitude. The Tertiary-Cretaceous stratigraphic break occurs on 
both sides of the American continent and in Europe, and accounts for 
the accumulation of oil on both continents. Regional unconformity is 
very significant, especially in the Mid-Continent, Texas, Louisiana, 
and Arkansas, because of its tremendous effect upon the petroleum 
production of those areas. 

Previous reference has been made to the subdivisions “‘discon- 
formity” and “nonconformity”’; these are very inclusive terms, and I 
believe nearly every unconformable contact may be placed under one 
or the other. I shall enumerate a few exceptional types, however, for 
purposes of illustration. 

Much has been written about “‘buried hills’—this is a common 
type of unconformity and an interesting one—the contact of the hill 
surface with the overlying beds may be either disconformable or 
nonconformable, as will be seen from the illustrations. The presence 
of the buried structure may or may not be reflected in the overlying 
beds; this reflection depends, of course, upon the amount of folding 
which might have taken place after burial of the hill, or upon the in- 
tensity of compaction of the beds above it. Contrary to some opinion, 
I believe salt domes should not be classified as ‘“‘buried hills.” True, 
they are “buried” in the physical sense, but historically this statement 
is untrue— they are not submerged structures, but are instead .“‘in- 
jected hills,” whether piercement or non-piercement. 

Among the “nonconformities’” may be listed many interesting 
structural types, but most of these are truncations. Of these, the shale- 
sealed upturned beds and the “buried anticline” types are most 
common. These are illustrated in Figures 1 and 2. 

Combining the “buried hills” and truncation structures, a third 
classification of ‘shoreline truncations” might be included in the 
nonconformity class. This often involves a convergence of unconformi- 
ties against a large substructure, such as we find in the Woodbine sand 
of the great East Texas oil field. Unconformable above and below, the 
two erosional surfaces converge against the western flank of the Sabine 
uplift. Is it possible that some of the “pinchouts” and sand lenses of 
South Texas might come under this classification and that many of our 
so-called “shoreline” fields are due directly to unconformities above 
and below? While computing the number of barrels of oil produced 
from unconformities in Texas, the inclusion of the subsurface-wedge 
formations would boost the figure greatly, and, as will be shown later, 
these formations probably should be included. 

The presentation and discussion of each of the important uncon- 
formities in the geologic column is far beyond the scope of this paper. 
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However, I should like to enumerate briefly those regional breaks 
which have been most important in causing oil accumulation. In the 
Cenozoic, I shall reduce the scale to include areal breaks. 

1. In the Ordovician, at the top of the Ellenburger-Arbuckle lime- 
stone of the Mid-Continent and Texas, and below the Simpson, oil is 
found in great abundance in porous, honeycombed, dolomitic lime- 
stone. At least twenty-five fields in Oklahoma, Kansas, and Texas 
produce from this break. 


© 


133 jan (hattanooga Barnett) 
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Fic. 2.—A. Ideal section showing type of unconformity found at base of Mississippian 
in oil fields of Mid-Continent (northern Oklahoma and southern Kansas). 


B. Sketch to show accumulation found above unconformities in Mid-Con- 
tinent (northeastern Oklahoma). (After Levorsen.) 


2. At the base of the Mississippian—basal Mississippian beds, 
including the Chattanooga, Woodford, or Barnett shales, transgress 
everywhere in the Mid-Continent and Texas on a truncated pre-Missis- 
sippian surface; this condition accounts for many of the oil pools of 
northern Oklahoma and southern Kansas. In Texas, this unconformity 
between the Ellenburger and the overlying Barnett shale has produced 
oil in Callahan and Young counties. 


A 
PES | 
Basal VMS yz VAN 14 
Purgess 

B 


STUDENT AWARDS 2027 


3. Basal Pennsylvanian beds resting unconformably on eroded 
Mississippian, Devonian, and Ordovician beds have caused the great 
oil accumulations in most of Oklahoma and Kansas. This break is also 
evident in Texas. 

4. At the top of the Bend series in Texas is a pronounced break, 
representing a long time interval, during which the formation of the 
great Bend arch is postulated. This, of course, is of tremendous import 
to the petroleum geologist, since it is the angular unconformity be- 
tween the Bend and post-Bend sediments which has accounted for 
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Fic. 3.—A. Sketch of typical Tertiary unconformity at top of Wilcox in Louisiana 
(after Levorsen). 


B. Typical section showing characteristic unconformity between Cretaceous 
and Tertiary in Monroe, Richland, and Jackson gas fields. 


numbers of fields in the southern Mid-Continent area of northern 
and north-central Texas. 

5. Most outstanding of all the Permian features in Texas and 
Oklahoma, in the eyes of many, is the presence of the buried granite 
ridges in the Panhandle. Here two large unconformities are to be 
observed: one at the base of the so-called ‘‘Big lime” of Wichita age, 
and another at its top, where it is overlain by the regular succession of 
Permian salt, gypsum, and redbeds. 


| 
— 1 | 
| | 
| | 
| 
| 
| 
| 1 
| 
| 
_ 
B 
| 
| 
: 


2028 STUDENT AWARDS 


6. Without stopping to consider the Permian-Triassic and the 
Triassic-Cretaceous unconformable contacts (all of which are found in 
the Big Lake, Yates, and other West Texas fields), I should like to 
enumerate the erosional breaks in the Cretaceous which are of most 
importance in Texas oil accumulation: at the base of the Walnut, at 
the Edwards-Georgetown contact (oil fields in the fault-line regions), 
at the base and at the top of the Woodbine (responsible for East 
Texas), and at the Austin-Taylor contact. The break between Upper 
and Lower Cretaceous is of major importance in northeastern Texas, 
Louisiana, and Arkansas, but toward the south and west, it becomes 
less apparent. 


Fic. 4.—Typical section to illustrate effect of unconformity on 
oil accumulation in Texas Panhandle. 


7. Between the Cretaceous and Tertiary is a major break of mighty 
proportions. It is observed to best advantage in the Monroe, Richland, 
and Jackson gas fields of Louisiana and Mississippi, as will be seen in 
Figure 3B. The Upper Cretaceous or Gulf series is warped, folded, 
truncated, and sealed by the overlying Midway clays. 

8. Upward through the Tertiary section, unconformities are ob- 
served at the top of the Kincaid, at the top of the Wilcox (which is 
perhaps the most pronounced of the lower Tertiary breaks), above and 
below the Weches, Cockfield, and Vicksburg formations, at the top of 
the Frio, at the top of the Discorbis-Heterostegina-Marginulina zones 
(which represent the subsurface middle Oligocene), again at the top of 
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the Catahoula, above the Oakville, and between the Miocene and Plio- 
cene at the base of the Goliad. 

The réle of the Cenozoic unconformities, I believe, can not be over- 
stressed in any consideration of past, present, or future oil develop- 
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Fic. 5.—Sketches to illustrate progressive development of coastal unconformity (after 
L. W. Stephenson). 

A. Any coastal plain area covered by sea and receiving sediments over the 
entire area. 

B. Same area after it has been uplifted, tilted slightly, and become partly 
emergent. Between a and b, deposition continues; from 6 to c, sedimentation 
is prevented by wave-current action; and from c to d, recently deposited 
sediments are being eroded and partially removed. 

C. Same area after depression and re-submergence. Interval b to ¢ now repre- 
sents a diastem and c to d an unconformity (disconformity). 
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ments. Is it not possible that most of these represent submarine, 
littoral, or shore unconformities? The presence of numerous sand 
lenses and wedge formations such as the Vicksburg, the middle Oligo- 
cene subsurface beds, and the Hackberry seem to bear out this con- 
tention. In Figure 5, I present my interpretation of the probable 
deposition of these beds and the formation of the unconformities 
involved. 

How do we know these sedimentary breaks are present? Drilling 
has revealed conditions above, below, and within the sediments which 
indicate definite time intervals between the formations in question. 
Most of the marine transgressions represented were unaccompanied 
by the development of basal conglomerates or gravels; some were 
without any sedimentary representation. Hence we are required to 
interpret other evidences of erosion. Some of these are as follows. 

1. The presence of phosphate and manganese nodules and phos- 
phatic fossil casts—if of authigenic origin, these signify cessation or 
extreme slowness of deposition and hence may represent an uncon- 
formity. 

2. The presence of glauconite—this also represents very slow 
deposition and suggests, but does not prove, unconformity. 

3. The fossil changes found between formations indicate change of 
environment, but to indicate an unconformity, the differences must be 
of great magnitude. Indices now employed in micropaleontological 
work approach this magnitude. 

4. The presence of thin conglomerates, pebbles, bones, and teeth, 
as well as oyster shells and fragments, indicate stratigraphic breaks. 

5. Discordances in dip, where pronounced, are excellent indicators 
of submarine unconformity. 

6. Lignite beds, such as those encountered at the top of the Jack- 
son and the Vicksburg, are indicative of distinct environmental 
changes. 

7. Does caliche indicate unconformity? Price cautions us to avoid 
this criterion until we are definitely able to identify caliche as such in 
subsurface samples. 

8. In 1925, Dake and Brown made this significant statement: 
“« . . The recognition of a terrace generally implies the recognition of 
an unconformity.” K. C. Heald took exception to the statement on the 
basis of the absence of erosional materials in many terraces. Dake and 
Brown’s statement, however, might assume new significance in the in- 
terpretation of submarine deposition. 

How much of the future of the oil industry depends on added 
knowledge and understanding of unconformities? Obviously, we must 
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turn from a search for structure to a search for stratigraphic change; 
additional study of sedimentation, stratigraphy, and structural 
processes will be necessary properly to interpret subsurface conditions. 
Possibly the oil fields of the future will be found in provinces now 
beyond the comprehension of some of us. 

Sixteen years ago, in 1924, J. E. Brantly, in the Bulletin of the 
American Association of Petroleum Geologists, made this statement. 

Gulfward from the outcrop of the Cretaceous strata, and resting uncon- 
formably upon them, are Tertiary beds. Thesestrata arenon-productive through- 
out the Gulf Coast region, with the exception of fields near Laredo. . . and 
... therefore are important only because they cover the surface of most of 
the area where the Gulf and Comanchean series are productive and their 
thicknesses and the manner in which they manifest structure must be con- 
sidered in order to learn the depth at which the producing horizons of the 
Cretaceous may be penetrated, and the probable nature of the structure in 
the producing horizons. The Gulf Coast salt domes, of course, are in Tertiary 
beds, but may be considered as a thing apart. 

To-day, we realize that this statement is no longer correct in view 
of the millions of barrels of oil now being produced from the Tertiary 
beds; but I wonder if the idea expressed in the preceding paragraph 
will be amusing to us in 1960! Drilling depths are increasing; the Cre- 
taceous lies unexplored beneath the Tertiary below a great uncon- 
formity, at depths ranging from 15,000 to 20,000 feet. Is it so difficult 
to imagine that with increases in drilling depth to these figures, 
tremendous new supplies of oil might be found in the distorted, folded, 
possibly truncated Cretaceous formations below the Tertiary? 

To-day, on the Gulf Coast and in South Texas, many producing 
fields are described structurally as follows: ‘‘Structure seems to be a 
deep-seated salt dome, although to date no proof of the salt itself has 
been found and no well has reached the caprock.”” We have fallen into 
a geologic rut in some respects, and the term “‘deep-seated salt dome”’ 
has been overworked as an excuse for staying there. What proof can 
we offer that these “deep-seated salt domes” are not reflections of 
greater structures in the buried Cretaceous rocks? Compaction of 
sediments is an accepted fact, and even in the face of the fact that 
more than 15,000 feet of sediments are involved in some cases, it does 
come within the realm of possibility. We know the Cretaceous beds 
are there—we have proof of it: parts of these beds have been thrust up 
through the Tertiary beds in some of the salt domes on the Gulf Coast, 
notably in the South Liberty dome in Liberty County. Then who can 
say? Perhaps Brantly was correct in stating that the Tertiary beds 
must be studied and considered only in order to learn the depths at 
which the producing formations of the Cretaceous may be penetrated! 
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GEOLOGICAL NOTES 


PITTSBURG FIELD, CAMP COUNTY, TEXAS! 


H. C. VANDERPOOL? 
Dallas, Texas 


The Pittsburg field of Camp County, Texas, was discovered by 
H. S. Moss at his Venters well No. 1, S. Wright Survey, about 6 miles 
southwest of the town of Pittsburg, and midway between the north 
end of East Texas oil field and the Talco oil field. This well adds an- 
other Texas county'to the list of those producing oil and establishes 
a new oil-bearing zone that has heretofore produced only gas and dis- 
tillate in Texas. : 

In August, 1940, at a total depth of 8,087 feet with 53-inch casing 
cemented at 8,085 feet and perforated with 192 shots from 7,948 to 
7,984 feet and 240 shots from 8,000 to 8,042 feet, the well was com- 
pleted, flowing 152 barrels of 42° gravity oil per day through a }-inch 
choke. The shut-in pressures are 765 pounds on the tubing, 815 pounds 
on the casing, and 3,455 pounds at the bottom of the hole. The gas-oil 
ratio is estimated to be about 200 to 1. 

The location for the discovery well was made on the basis of seis- 
mograph work. Full credit for the finding of the structure and for 
most of the work leading to the discovery of the pool belongs to W. C. 
McGlothlin, geologist of Corsicana, Texas. McGlothlin first became 
interested in the possibilities of the area as early as 1931, relying on 
his interpretation of the well information then available and also on 
his recognition of some kind of surface irregularity. 

In 1936 he had the area surveyed by the reflection-seismograph 
method. Later it was core drilled, with the use of the base of the Rek- 
law formation as a marker. From the seismograph, subsurface, and 
other data now available, the structural feature, on which the dis- 
covery well is located, is revealed as being a large, broad dome with 
fairly uniform slopes and with no evidence of faulting. 

In 1938, as a result of the geological and geophysical work done in 
the area, a test well, the present Venters No. 1 was drilled to 5,710 
feet and proved dry in all of the sand zones down to and including the 
Paluxy. The well was taken over by H. S. Moss in December, 19309, 
and deepened to 7,603 feet and was temporarily abandoned at that 
level as non-productive. In February, 1940, the Venters well was 


1 Manuscript received, October 1, 1940. 
2 H. S. Moss Petroleum Company, First National Bank Building. 
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deepened for the second time by H. S. Moss to its present total depth. 
Important formation contacts in the discovery well, with surface 
elevation of 387 feet, are thought to be the following. 


Formation Depth in Feet 

Pecan Gap chalk 2,400 to 2,940 

Austin chalk 3,700 to 3,740 

Top, Woodbine sand zone 4,080 

Top, Georgetown limestone 4,515 

Top, Paluxy sand zone 5,600 

Top, Glen Rose shale and limestone zone 5,930 

Upper stringer anhydrite 6,920 to 6,930 

Massive anhydrite 7,145 to 7,350 

Sand (Hill zone) 7,390 to 7,485 

Porous limestone (Gloyd-Young zone) 7,625 to 7,750 

Top, Travis Peak redbeds 7,848 

Oil sands 7,948 to 7,978 and 
8,002 to 8,045 


The spacing for the field has been fixed as one well to 40 acres by 
the Railroad Commission of Texas, and the present allowable for the 
discovery well is 100 barrels per day. The leases on the Pittsburg 
structure are held by many of the major oil companies and by numer- 
ous independent operators and small companies; however, it is 
thought that future development will proceed in an orderly and con- 
servative manner. 


SURFACE FORMATIONS IN MISSISSIPPI! 


URBAN B. HUGHES,? ROBERT R. HARBISON,? ET AL. 
Jackson, Mississippi 


A general columnar section of surface formations in Mississippi 
should be of interest to readers because of the recent drilling cam- 
paign in the state. The section was prepared earlier in the year and 
used in the guide book of the first field trip of the Mississippi Geo- 
logical Society. It was compiled from the most reliable sources avail- 
able on the subject, and additional information and corrections were 
made by men who are familiar with Mississippi geology. The sub- 
divisions do not agree with those of all workers, but until agreement 
can be reached, it is given on the basis of the most widely accepted use. 

The space on a section of this kind is limited, and the most out- 
standing criteria are used for correlating throughout most of the state. 

It will give readers an idea of what is found on the surface in Mis- 
sissippi, and the outstanding characteristics of each formation en- 
countered. 


1 Manuscript received, October 7, 1940. 
? Consulting geologists, 605 Tower Building. 
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A GENERAL COLUMNAR SECTION 
OF SURFACE FORMATIONS 
IN MISSISSIPPI 


COMPILED BY URBAN HUGHES R&.R. HARBISON 


AND OTHERS 
RECENT. ALLUVIUM Loam. clay, gravel 
- Al vi 
DEPOSITS Send, clay, gravel, ¢ calcareous silts 
PLIO- Sand, clay, ¢ grave/ of Muvistile origin. 
CITRONELLE Predominantly red in color Bed of gravel af base. 
Green clays, interbedded with 
PASCAGOULA CLAY 400° sandy Cine sand. 
GRAND 
Merine, blue, thet 
GULF the surface. 
MIO- 
CENE 
sands sendstenes, greenish 
GROUP | caTAHOULA SAND Pine conglemerores 
The mest outstanding members @ 
‘sandstone of ranging in 
‘ine. 
Places 
CENE 
GROUP | FOREST HILL SAND Sands ¢ clays, lignitict sparingly Fossiliterous, 
RED BLUFF CLAY FACIES Fossi/iferous concretionary clays. Limonitic 
NACKSON Messively bedded yellow fo he 
CLA’ colegreous 
——— clay, Interbedded cloy West Miss. 
GROUP 
EO- 
Lignitie clay, sand ¢ ignite, more or less 
saminated ¢ regularly bedded 
CENE YEGUA Probably fresh water origin. 
CLAI- 
Cross-bedoled white ot iron stained sands. 
KOSCIUSKO SAND dn Attala and adjacent counties this send 
LISBON consolidated into quartzite. 
GROUP 
ZILPHA CLAY ay White To chocolate brown clay. 
Mighly ferrugineus bright rad sand Me 
WINOWA SAND 50-80 (there are 
White, gray, colored, brittle 
TALLAHATTA 80" pt sendstone ‘or quartzite. 
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NEALE FIELD, BEAUREGARD PARISH, LOUISIANA! 


H. V. TYGRETT? 
Lake Charles, Louisiana 


The Neale field is located in northwest Beauregard Parish, Louisi- 
ana, approximately 5 miles northeast of Merryville, 12 miles southwest 
of DeRidder, and 20 miles northeast of the Bancroft field. On the 
same geologic trend are: the Eola field of Avoyelles Parish, Louisiana, 
75 miles east of Neale, and the Joe’s Lake field of Tyler County, 
Texas, 35 miles southwest. Neale takes its name from a switch on the 
Gulf Coast and Santa Fe Railroad adjoining the present producing 
area on the southeast. The general elevation of this region is about 
200 feet. Reflection-seismograph work is responsible for the discovery 
of the field. 

The Atlantic Refining Company completed its discovery well, 
D. A. Whitmer No. 1, in the center of the NW. 4, NW. 3 of Sec. 26, 
T.3 S., R. 11 W., on March 25, 1940, and a 2-hour State potential test 
by the Department of Conservation on April 1 indicated a daily rate 
of flow of 420 barrels of 37° gravity oil on a 3/16-inch tubing choke. 
Tubing pressure was goo pounds and casing pressure, 975 pounds. The 
gas-oil ratio was 300 cubic feet per barrel. Drilled to a total depth of 
8,615 feet with 53-inch casing set on bottom, D. A. Whitmer No. 1 was 
perforated from 8,356 to 8,370 feet in the first sand member of the 
Wilcox group of the Eocene. The top of the Wilcox was found at 8,352 
feet. 

Important electric-log tops in D. A. Whitmer No. 1 are as follows: 
Oligocene shale 4,573 feet; Moody’s Branch marl 5,638 feet; Cock- 
field sand 5,681 feet; prominent Cook Mountain sand 6,772 feet; 
prominent Sparta limestone 7,294 feet; first Sparta sand 7,575 feet; 
Cane River shale 7,844 feet; basal Cane River marl 8,340 feet; and 
Wilcox 8,352 feet. 

The Neale field is characterized to date by its low structural relief, 
low gas-oil ratio, and thin oil section. The seven wells completed as of 
October 4, 1940, have established production in an area 1 mile long 
east and west and 3 mile wide north and south. It is significant that a 
structural relief of only 15 feet has been defined by these 7 producers 
on the top of the Wilcox, the first 6 of which varied only 5 feet. As yet 
the water level has not been defined. The gas-oil ratio has averaged 
about 280 cubic feet per barrel. Production to date has been confined 
to the first sand zone of the Wilcox, which averages 28 feet in thick- 


1 Manuscript received, October 15, 1940. 
2 District geologist, The Atlantic Refining Company. 
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ness, approximately 1o feet being net oil sand with the remaining 18 
feet lignitic, micaceous shale and sandy shale, with the latter contain- 
ing inconsequential amounts of oil where sufficiently porous. Most of 
the producing sand is fine- to medium-grained with streaks of medium- 
coarse sand here and there. Cross-bedding is in evidence in both the 
sand and shale members. The average porosity of the sand is about 25 
per cent while the permeability ranges from 50 to 1,400 millidarcys, 
averaging close to 375 millidarcys. The allowable set by the Depart- 
ment of Conservation for the month of October was 225 barrels of oil 
per day for each well. The cumulative production on October 1, 1940, 
was 136,600 barrels. 

Prior to the drilling of the D. A. Whitmer discovery well, The 
Atlantic Refining Company completed a dry hole, Rice-Land Lumber 
Company No. A-1, on July 25, 1939. This test is located about 1 mile 
northwest of the discovery well. Considerable trouble was experienced 
in Rice-Land Lumber Company No. A-1 when drilling mud was lost 
at 4,551 feet in the upper part of the Vicksburg. It is believed that this 
difficulty was caused by some exceptional lithological condition such 
as a very porous stratum or a conglomeratic bed. Rice-Land Lumber 
Company No. A-1 topped the Wilcox at 8,100 feet and was abandoned 
415 feet in the Wilcox at a total depth of 8,515 feet. This represents 
the maximum penetration of the Wilcox group to date at Neale. Ap- 
proximately 200 feet of Cane River section is missing in Rice-Land 
Lumber Company No. A-1, a condition which is apparently indicative 
of faulting. Another outpost test, the Bayport Oil Corporation’s 
Musser-Davis Land Company No. 1, located 2 miles southeast of the 
discovery well, has been recently abandoned at a total depth of 8,825 
feet after encountering the top of the Wilcox at 8,450 feet, approxi- 
mately 100 feet lower than the initial producer. 

Three tests are currently being drilled at Neale, two of whichare 
offsets to producing wells, with the third, the Atlantic’s Rice-Land Lum- 
ber Company No. C-1, located approximately 2 miles southwest of 
the discovery well. 


{ 
| 
| 
i] 
| 
| 
| 
| 
| 
+ 
| 
| 


BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
VOL 24, NO. 11 (NOVEMBER, 1940), PP. 2038-2048 


DISCUSSION 


TECHNIQUE OF STRATIGRAPHIC NOMENCLATURE! 


C. W. TOMLINSON? 
Ardmore, Oklahoma 


Certain aspects of stratigraphic nomenclature which required considera- 
tion last year by this Association’s subcommittee on the Permian, have been 
the subject of further discussion by correspondence among some of our mem- 
bers. H. G. Schenck and S. W. Muller submitted to the Stanford University 
geological seminar for thorough analysis both the tentative and the final re- 
port of the subcommittee, and were kind enough to report the resulting com- 
ment quite fully. R. M. Kleinpell joined in the written discussion. It has been 
suggested that the following comment on certain points so discussed should 
be made available in print, for possible consideration in later stratigraphic 
studies. It does not constitute an official report by the subcommittee, which 
has been disbanded after completing the task assigned to it. 


I. DUAL NOMENCLATURE 


The scheme of “dual nomenclature” which has been advocated by Schenck 
and Kleinpell* involves the use of distinct place-names for all time-stratigraph- 
ic units such as series and stages (they employ stage as a time-stratigraphic 
term subordinate to series), unlike any place-names used for rock-strati- 
graphic units such as formations and groups. They emphasize the difference 
between lithologic (“rock-stratigraphic”) units which may vary from place 
to place with respect to the span of time they represent, and “time-strati- 
graphic” units such as systems and series which are defined as including all 
rocks formed within a certain time interval, but which may vary widely in 
lithology,—and also in fossil content, though Schenck and Kleinpell do not 
stress that obvious fact. In order to make clear this difference, they feel that 
the stratigraphic column of any area should be covered so far as possible by 
not one, but two complete and detailed sets of terms, with no place-names 
common to the two sets. One set will apply to the lithologic elements in the 
column. The other will apply to the rocks laid down in successive time-inter- 
vals, and the boundaries of these units may or may not coincide with those of 
the lithologic units, but will be determined on paleontological evidence. 

Kleinpell and the Stanford seminar therefore criticized, for example, the 
action of the subcommittee in applying to time-stratigraphic units,—series of 
the Permian system,—the place-names Wolfcamp and Leonard, which pre- 


1 Manuscript received, September 3, 1940. 


2 Chairman of the subcommittee on the Permian, a subcommittee of the committee 
on geologic names and correlations, American Association of Petroleum Geologists, 
1939-1940. 

3 Hubert G. Schenck, Hollis D. Hedberg, and Robert M. Kleinpell, ‘“‘Stage as a 
Stratigraphic Unit,” still in manuscript. Cf. Kleinpell, ‘‘Difficulty of Using Carto- 
graphic Terminology in Historical Geology,” Bull. Amer. Assoc. Petrol. Geol., Vol. 18, 
No. 3 (March, 1934), PP. 374-79; Schenck and Kleinpell, ‘‘Refugian Stage of Pacific 
Coast Tertiary,” ibid., Vol. 20, No. 2 (February, 1936), pp. 215-25; Kleinpell, Miocene 
Stratigraphy of California (Amer. Assoc. Petrol. Geol., Tulsa, 1939). 
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viously had been used for rock-stratigraphic units,—formations defined at the 
same type localities and possessing there the same stratigraphic boundaries. 

Like some of the other points here to be discussed, this seems to be a 
matter of form rather than substance,—of formality in terminology rather 
than of difference in concept. For example, all members of the subcommittee 
agreed with Schenck and Kleinpell that clear distinction must be drawn be- 
tween rock-stratigraphic and time-stratigraphic terms; but did not agree that 
this can be accomplished only in the manner those authors prefer. The dis- 
tinction between the two, even in their system of ‘“‘dual nomenclature,” does 
not lie in the use of different geographic names. Those names differ no more 
between the two types of terms than between various terms of one type. 

No place-name, before attachment of a suffix or addition of a class noun 
(a classificatory word such as “series” or ‘formation”), conveys to a reader 
seeing it for the first time any basis whatever for deciding whether it is applied 
in a time-stratigraphic or a rock-stratigraphic sense. The distinction between 
the two types of usage is fully conveyed by the class noun. For example, in the 
usage advocated by Schenck and Kleinpell, ‘““Refugian stage” is recognized as 
a time-stratigraphic unit by the word “stage,’’ not by any inherent greater 
suitability of the name Refugio for such use rather than for the designation 
of a rock-stratigraphic unit. The suffix “ian” carries similar classificatory sig- 
nificance (though still less definite as to magnitude), but adds nothing to the 
meaning conveyed by the word “‘stage.” 

Most of the names now commonly used in the United States as time-strat- 
igraphic terms below the rank of system, carry place names which were first 
applied at their respective type localities to rock-stratigraphic units. E.g., 
Mohawk(ian), Cincinnati(an), Helderberg(ian). They have been found serv- 
iceable by most American stratigraphers. Their nomenclatural link with 
prior descriptive usage appears to have been considered an advantage, rather 
than a disadvantage, in conveying clear meaning readily intelligible to those 
familiar with foregoing literature. Continuity of nomenclature, as of all lan- 
guage, has real utility; though it occasionally has become advisable to drop a 
stratigraphic name which has been subject to exceptionally confusing diver- 
sity of usage. Needless obsolescence is an expensive handicap. Modification of 
usage, as against change of name for every change of use, was approved by 
the very representative 1933 American committee on stratigraphic nomen- 
clature.4 That committee also specifically approved the practice of deriving 
time-stratigraphic from rock-stratigraphic terms.‘ 

Application of the same place-name to related units of unlike categories is 
universal in the case of major intervals of geologic time and the rock as- 


4G. H. Ashley et al., a joint committee representing the Association of American 
State Geologists, the United States Geological Survey, the American Association of 
Petroleum Geologists, and the Geological Society of Ametica. ‘‘Report on Classification 
and Nomenclature of Rock Units,” Bull. Geol. Soc. America, Vol. 44 (1933), PP- 423-593 
Bull. Amer. Assoc. Petrol. Geol., Vol. 17 (1933), pp. 843-68, and reprinted in Vol. 23 
(1939), pp. 1068-88. Article 10 of that report reads: ‘‘The redefinition of a unit to 
change its content of rocks, where such change is demanded by later work, does not 
necessarily render renaming advisable.’ Following Article 24 appears the following 
remark: ‘‘(d) Adjective terms ending in an, derived from the names of subordinate 
rock units, such as Niagaran or Claibornian, may be used to indicate correlation or 
approximate position in the general time scale, provided that the geologic limits implied 
by the adjective shall be essentially those of the original unit. However, considerations 
of euphony may make it desirable to avoid the adjective form of some terms.” 
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semblages formed during those intervals. Yet the Permian period is never ccn- 
fused with the Permian system, because the class noun makes a clear distinc- 
tion. In fact, the use of the same place-name for the period as for the system 
formed therein conveys to the reader in a very satisfactory manner the inti- 
mate relationship between the two. 

The same advantage exists in the use of any minor stratigraphic place- 
name for the time in which the rocks described by that name were formed. 
Even a strictly lithologic unit represents a definite span of time within which 
all parts of the unit were deposited. In any single section it represents some 
part of that span,—and as definite a time interval as the type section of any 
series or stage, though in many cases less susceptible of accurate correlation 
by paleontological means. Such time concepts are indispensable to any stud- 
ies in geologic history which include evaluation of lithologic data. 

It may be best to select a new place-name for a series or stage requiring 
recognition, if the most suitable type section for it fails to coincide even ap- 
proximately with a previously described formation or group, or if the name of 
such formation has been subjected to highly variable and confusing usage. 
Under simpler circumstances the selection of a new name may be only a need- 
less handicap. 

In support of his position, Kleinpell quotes from d’Orbigny (Arkell’s 
translation)® a statement to the effect that time-stratigraphic usage of the 
terms stage and zone was devised “‘in order to put an end to this jumbled nomen- 
clature, based on the local lithology, which varies so greatly according to the 
place, and on the fossils which happen to be predominant at one locality, but 
may be wanting elsewhere.” These objectives, stated 100 years ago, seem im- 
possible of fulfilment. Such usage does not supplant or “put an end to” local 
lithologic nomenclature. That is still needed, for scientific as well practical pur- 
poses. And what fossils exist in any zone at any place, which may not be want- 
ing elsewhere in beds of the same age? 

Sutton’s® recently proposed ‘‘dual nomenclature” is very different from 
that advocated by Schenck, Hedberg, and Kleinpell. It suggests no duplica- 
tion of place-names, but recommends adoption of a more detailed and com- 
plete set of class nouns for time units of different magnitudes, corresponding 
to a list of stratigraphic terms coérdinate with those units. He does not differ- 
entiate between time-stratigraphic and rock-stratigraphic terms, though he 
recognizes the bio-stratigraphic usage of the word zone. Specifically he sug- 
gests the titles subepoch, chron, stage, and substage, for the time units which cor- 
respond respectively to the stratigraphic units subseries, group, formation, and 
member. Present common practice is to use the word epoch, or simply the still 
more general word time, in lieu of such specific time terms. Would “Trenton 
chron” convey any clearer meaning than “Trenton time’? Would it not, on 
the contrary, imply an accuracy of knowledge which does not really yet exist, 
as to relative magnitudes of minor time intervals? Are we yet ripe for such 
rigidity of classification? And if we were, would it not be a useless encum- 
brance rather than a help? 


5 A. d’Orbigny, Paleontologie francaise, terrains jurassique, Vol. 1 (1842-49), p. 604- 
Quoted (in translation) by W. J. Arkell, in The Jurassic System of Great Britain, Oxford 


(1933), P- 9- 
6 A. H. Sutton, ‘‘Time and Stratigraphic Terminology,” Bull. Geol. Soc. America, 
Vol. 51 (1940), pp. 1397-1412. 
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If such minor time terms are adopted, should they not be made coérdi- 
nate with true time-stratigraphic terms representing invariable time intervals, 
rather than with rock-stratigraphic terms such as group, formation, and 
member? Sutton lists these as though they differed from systems and series 
only in magnitude. Would one of his “stages” be defined by the maximum 
time range occupied by a formation, or by the time span represented by that 
formation at its type locality? Or would it vary from place to place a Ja the 
formation itself? 

Sutton’s “stage” is wholly unlike Schenck’s. The confusion of special 
meanings which various writers have sought to attach to this term may ac- 
count for the failure of any of them (except, perhaps, that of a time term in 
connection with Pleistocene glaciation) to achieve general usage among stra- 
tigraphers. Might it not be easier to establish a newly invented term than to 
achieve unanimity in the use of this one? 

Sutton endorses Moore’s suggestion that the rocks formed in an era be 
called, formally, a sequence. If that is done, what word is left without specific 
technical meaning, free to be applied in a general sense to an orderly succes- 
sion of sediments? Sequence is almost our last refuge for such use. ‘“Correlative 
successions of rocks” seems an awkward substitute for “correlative sequences 
of rocks.” “Assemblage” lacks the connotation of successive deposition, of 
stratification. Group and series already are set aside in special senses which 
have come into common use, making their use in a more general sense confus- 
ing in stratigraphic writings. Can we not preserve sequence for use in de- 
scribing any sequence? General terms are fully as necessary as special ones. 
Other scientists seem to have shown more ingenuity than geologists in de- 
vising new technical terms, instead of robbing our language of words .which 
are needed in their general sense. And in this case it may be doubted wheth- 
er any real need exists for the new term,—other than the desire of the sys- 
tematists to complete their tables. 


2. USE OF SUFFIXES 


Schenck and his associates, in correspondence, recommend the use of the 
suffix ‘‘ian’”’ on all stage terms, and of “‘ic” on series terms; although the suffix 
‘ic’? was employed by Schenck and Muller for the stage (Noric stage) cited as 
a proper example in the stratigraphic terminology tentatively recommended 
by them in a mimeographed statement they circulated in 1937. 

Even if consistently employed, does any such suffix to a place name add 
anything to the meaning of the accompanying class noun (such as stage)? All 
such suffixes are adjectival in form, designed for use only in conjunction with 
a noun (expressed or implied). It is difficult, therefore, to see any value in the 
suffixes. In writing in languages which require elaborate declension of ad- 
jectives, consistent use of suffixes may seem more important than in English, 
which has dispensed with that superfluous complication. Their use or omission 
seems of little scientific importance,—a matter of linguistic style. Is Wolf- 
campian (or Wolfcampic) a euphonic improvement over Wolfcamp? Does the 
variety of suffixes (-ian, -ous, -ic, -ary, --ene) now incommon use in the names 
of geologic systems produce any misunderstanding? Those names would still 
have to be memorized by every student of historical geology, even if all of 
them ended in the same suffix. 

The suffix might be regarded as of some value where the class noun is 
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omitted for brevity’s sake,—though it is of no help in telling whether “the 
Permian” refers to the system or the period. That short-cut is properly em- 
ployed only where the meaning is clear from the context or from previous use 
of the class noun in the same connection. 


3. BIOSTRATIGRAPHIC VS. TIME-STRATIGRAPHIC UNITS 


The stages and zones which have been named by Schenck and Kleinpell 
in the California Tertiary have been defined primarily on a paleontologic 
basis. They say that such units must be “delimited by fossils.”” These au- 
thors consider these stages and zones to be time-stratigraphic units. 

It may prove advisable to draw a distinction between a strictly biostrati- 
graphic term, applicable only to strata possessing a given faunal assemblage 
within definable and moderate limits of variation, and a truly time-strati- 
graphic term applicable to all rocks which were formed in a given time interval, 
regardless of their faunal content or absence thereof. Systemic and series 
names obviously have been used in the latter sense, almost without exception. 
It is not so clear that, in actual practice, even as used by Schenck and Klein- 
pell, a zone name has been regularly applied to strata not containing the fauna 
(or some part of it) characteristic of the zone at its type locality. It is not even 
clear whether or not such use was intended by the 1933 American joint com- 
mittee on nomenclature.’ Such application seems to have been rare for zones 
and smaller units named from their faunal content. It probably is practicable 
to a considerable extent for units of the size regarded by Schenck and Klein- 
pell as appropriate to stages. 

If all zones and stages are time-stratigraphic units, are there any truly 
biostratigraphic terms in the strict sense? Might it not be useful, for the pres- 
ent at least, to classify zones and subdivisions thereof as purely biostrati- 
graphic units, as they seem to have been in practice? Correlated rocks of other 
facies could then be spoken of as correlated (or contemporary) with, instead 
of as part of, a given zone. 

If a zone name, for example, is to be applied anywhere to rocks which do 
not contain any part of the fauna characteristic of that zone at its type locality, 
it can not also be understood as designating only strata possessing that 
fauna. It can be either a biostratigraphic or a time-stratigraphic term, but ina 
strict sense it can not be both. 

The term zone has been applied not infrequently in a still more limited 
sense, to designate particular strata in which a certain fossil is very abundant. 
In such usage the abundance of the form, not its presence or that of the ac- 
companying other faunal elements, is the criterion for application of the term. 
Such abundance, of course, is under strict ecologic control, and is limited geo- 
graphically and in time by factors similar to those governing the extent and 
correlative value of lithologic characters. Such names usually are applied only 
to scattered portions of a stratigraphic section, because the intervening strata 


7H. G. Schenck, H. D. Hedberg, and R. M. Kleinpell, manuscript on ‘‘Stage as a 
Stratigraphic Unit,” p. 26. 


8 Ashley et al., op. cit., Article 2, paragraph (7), p. 1074 (1939 reprint): ‘‘Zone, a 
subordinate unit containing the rocks deposited during the time of existence of a 
particular faunal or floral assemblage.”’ This wording suggests truly time-stratigraphic 
usage. But in Remark (d) following Article 16, p. 1082, they say: ‘‘A minor subdivison, 
based primarily on fossil content, may be designated a zone and named after a charac- 
teristic fossil ... .”” Would such a term be used for rocks lacking that fossil content? 
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do not carry a comparable abundance or predominance of any form. That is, 
“zones” of this sort do not and can not add up to constitute complete stages, 
as time-stratigraphic zones should do when their nomenclature is completed. 

No distinction between biostratigraphic and time-stratigraphic units ap- 
pears in Kleinpell’s A.A.P.G. papers of 19349 and 1936! (with Schenck as 
senior author in the latter), in Schenck and Muller’s mimeographed proposal 
of 1937 for revised stratigraphic terminology, or in the Stanford seminar 
letters to the subcommittee this past winter. In the last of these (March 7, 
1940), it is stated (page 3) that ‘divisions of the rock column made by pa- 
leontologic criteria . . . are time-stratigraphic units.” That implies absolute 
contemporaneity throughout the world, for the paleontologic criteria so em- 
ployed. On the other hand, M. P. White states (orally) the opinion that per- 
fect worldwide coincidence of a time-stratigraphic unit with a biostratigraphic 
unit probably does not exist,—and that evolutionary change (even of types 
most free from environmental influence) seldom if ever proceeds at a uniform 
rate throughout the geographic range of a species or a faunal assemblage. It is 
possible, however, that in many cases the resulting error in time equivalence, 
in correlations based on the most dependable and carefully selected paleon- 
tologic data, would be of such small stratigraphic magnitude as to be safely 
negligible in practice. 

If “stage” and “zone” are truly time-stratigraphic and not purely bio- 
stratigraphic terms, a stage or zone name should, in theory at least, be as 
applicable to barren sediments outside the type locality, if they can be proved 
to have originated in the same time interval, as to the (preferably) fossilifer- 
ous type section. They can be “delimited by fossils” only where fossils occur; 
though such limits may be approximately projected to other areas in some in- 
stances, by lithologic or diastrophic evidence. 

Kleinpell now recognizes (in correspondence) some of the limitations on 
faunal definition and correlation of minor time-stratigraphic units, and the 
opportunity for effective use, at least on a limited scale, of other correlative 
methods; and the distinction between biostratigraphic and truly time-strati- 
graphic units. He doubts the possibility of clear and accurate recognition of 
stages and smaller time-stratigraphic units over areas of greater than pro- 
vincial extent. On the other hand, one of the suggestions made to the sub- 
committee by the Stanford seminar was that American names should not be 
assigned to those Permian series (stages, they would call them) in the west 
Texas section, which are believed to be approximately equivalent to similar 
units previously named in Russia; but that the Russian names should be used. 
Yet Schenck and Kleinpell!' have introduced many new stage names for the 
California Tertiary section, in spite of faunal data indicating approximate 
time equivalence of some of them to stages previously given other names in 
Europe, and indicating overlap of others across the chronologic boundaries of 
European stages.” 

®R. M. Kleinpell, ‘‘Difficulty of Using Cartographic Terminology in Historical 
Geology,” Bull. Amer. Assoc. Petrol. Geol., Vol. 18, No. 3 (March, 1934), pp. 374-79. 

10 H. G. Schenck and R. M. Kleinpell, ‘‘Refugian Stage of Pacific Coast Tertiary,” 
ibid., Vol. 20, No. 2 (February, 1936), pp. 215-25. 

1 Cf. works cited in footnote 3, published in 1934, 1936, and 1939. 


12 Schenck in 1935 specifically stated that ‘“‘stages,”’ in the use he advocates for that 
term, were designed primarily for provincial rather than worldwide use. ‘‘Each stage 
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It would be ideal if all time-stratigraphic terms were applicable through- 
out the world, without duplication of names for units of similar magnitude 
and similar or overlapping position in the time scale; but practically it ap- 
pears that the concept of “provincial series ” stated by the 1933 joint American 
committee on the Classification and Nomenclature of Rock Units,!8 is very 
useful,—at least as a temporary expedient in the present condition of our 
science. And on the average, the practical geographic applicability of the 
smaller time-stratigraphic units must be less than that of the average series. 


4. SHOULD THE “‘SERIES’’ OF THE PROPOSED STANDARD PERMIAN 
SECTION BE CALLED “STAGES” INSTEAD? 


The 1933 American joint committee on the Classification and Nomen- 
clature of Rock Units recognized as proper the use of the term “series’’ for 
units of widely varying magnitude, and did not accept “stage”’ as a time-strat- 
igraphic term at all. The U. S. Geological Survey’s Committee on Geologic 
Names urges the continuance of that flexible usage, regarding it as more ap- 
propriate and more widely applicable to the facts of stratigraphic variation, 
than a more rigid use of minor time-stratigraphic terms.® 

Assuming for the moment that stage is to be accepted as a time-strati- 
graphic term subordinate to series, what criteria should be applied in deciding 
which of the two terms to employ for a certain stratigraphic unit? Can we yet 
weigh such criteria consistently throughout the geologic column? In its pre- 
liminary report, the A.A.P.G. subcommittee on the Permian offered a more 
precise statement as to the nature of series, but found such wide disagreement 
among responsible geologists on the subject that the statement was with- 
drawn. The situation is not inaptly described in the following quotation con- 
cerning a comparable problem. 

It may be better to keep admittedly inadequate and even inexact terms rather 


than create new ones in a situation that has not yet crystallized enough to permit 
precise and distinctive characterization." 


This is in line with a statement by Kleinpell that “nomenclature in order 
to be of practical value should be flexible without sacrificing accuracy.”’!” 
Further steps toward more precise usage should be taken as rapidly as prac- 


name is based on rocks at a definite locality; and each name has regional, not inter- 
regional applicability, according to the Pariscongress [International Geological Congress, 
Paris meeting, 1900], though some stage names may have widespread application.” H. G. 
Schenck, ‘‘What Is the Vaqueros Formation of California and Is It Oligocene?”’, 
Bull. Amer. Assoc. Petrol. Geol., Vol. 19, No. 4 (April, 1935), footnote 8, pp. 523-24. 

13 Ashley et al., op. cit. (see footnote 4), Article 2, paragraph 2, p. 1074 (1939 re- 
print). This American usage of provincial series differs little from the provincial use of 
stage names as outlined by Schenck. (See footnote 12.) 

* Ashley et al., op. cit. (see footnote 4), Article 2, paragraph 2 and remark (a), 
p. 1074 (1939 reprint). 

4 Letter of H. D. Miser, chairman of that committee, to C. W. Tomlinson, August 
7, 1940. 

6 William Seifriz, ‘‘Vegetational Zones: A Problem in Terminology,” Geog. Review 
(Amer. Geog. Soc., New York), Vol. 30 (July, 1940), p. sor. 


17 R, M. Kleinpell, letter to C. W. Tomlinson, March 15, 1940. 
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ticable; but precision is lost, not gained, by computing to many decimal 
places a quantity which is not accurately known to the right of the decimal 
point. It gives a false impression of accuracy. 

From recent estimates of duration of the several periods it would appear 
probable that each of the Permian “‘series’’ endorsed by the subcommittee 
represents an expanse of time more nearly comparable in length to all of Mio- 
cene time, than to the duration of one of Kleinpell’s Miocene stages. But 
should simple duration be the chief criterion in distinguishing series from 
stages? If both terms are to be used, one definitely subordinate to the other, 
it is necessary to have some standard of magnitude for each, and to adhere to 
those standards as consistently as possible. Such a standard might well involve 
all of the factors which have been considered pertinent to discussions of the 
propriety of systemic rank for larger units, e.g.: distinctiveness in paleonto- 
logic content, in diastrophic history, and in lithology, as well as magnitude in 
duration of time and in volume of sediments. Past and present usage could 
furnish a basis for each standard. If “‘stages” are set up in one system which 
are greater in all respects than the series in another, there will be more con- 
fusion than value in using both terms. There has been difficulty enough in 
approaching consistent relative magnitudes for systems and series. 


5. “CONTINUOUS SEDIMENTATION” 


Kleinpell and the Stanford seminar object to selection of a standard section 
bounded by unconformities. Unconformities do prove the section to be in- 
complete. On the other hand, they constitute natural breaks in the section. 
Some, like the one at the base of the Wolfcamp, are of great regional extent in 
more than one continent. The subcommittee acknowledged that a standard 
section should be as complete as possible; but was fully agreed that inter- 
ruptions in sedimentation have important historical significance, and consti- 
tute natural and appropriate stratigraphic boundaries. Kleinpell agrees that 
they are among the “other criteria” which are useful supplements to paleon- 
tological data in the interpretive process necessary in establishing and cor- 
relating proper time-stratigraphic units. He merely objects to their presence 
in (or bounding) a type section. But what if no uninterrupted type section is 
known? 

He has utilized local lithologic boundaries to fix the precise limits of his 
Miocene stages in their California type sections. Would not disconformities be 
even more appropriate for such a purpose, if an ideally complete section could 
not be found? 

Absolute continuity of sedimentation is difficult to prove. The Pennsyl- 
vanian and Permian sections of the Mid-Continent states now are known to be 
interrupted by many disconformities whose presence was not suspected by 
early students, but was revealed only by extremely careful and detailed search. 
One may be skeptical of complete continuity of deposition from Pennsylva- 
nian to Permian time in any part of Russia,—cited by the Stanford group" as a 
reason for recognizing the Sakmarian type section and name in lieu of the 
Texas Wolfcamp. 

Kleinpell suggests doing without time-stratigraphic nomenclature for sub- 
divisions of the Permian until completely uninterrupted type sections can be 


18 Letter of H. G. Schenck e¢ al. to C. W. Tomlinson, March 7, 1940, p. 3. 
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found. That surely would be no step toward more orderly usage. And is it 
certain that such sections exist, on the present land surface of the globe? 

The smaller the time unit, the greater the possibility that complete and 
wholly uninterrupted sedimentary sections can be found representing it. It is 
not likely that such a section of any entire system exists on the world’s present 
land areas. It is questionable for many smaller units. 

In some cases at least, a type section limited by hiatuses may be preferable 
to a complete one. Assume, for instance, that the type section of stage ‘“‘A” 
is ideally complete and without interruption of sedimentation at top or base. 
Between that part of the type section which carries the most ample and char- 
acteristic development of its fauna, and the corresponding portion of the super- 
jacent stage ““B”’ in that area, there presumably intervenes a sequence of beds 
carrying transitional faunas. If not, there must be barren strata, or beds car- 
rying ecologically different faunalassemblages not in direct lineof descent from 
the most typical fauna of stage “A.” In either case, there must be some exer- 
cise of arbitrary judgment in fixing the precise boundary between the two 
stages,—more arbitrary and susceptible of error than if there were a discon- 
formity or hiatus there to serve as a natural boundary, a historic record of sub- 
stantial geographic change. A sharp and clearcut (evolutionary, not environ- 
mental) change of fauna at one horizon, reducing to a minimum the likelihood 
of error in selecting the most suitable stage boundary, would in itself be 
grounds for suspecting the presence of hiatus there. 

No one would carry this line of argument to the point of contending that 
the greater the hiatuses at the base and top of a section of a stratigraphic unit 
(i.e., the less complete the section), the better it is suited to serve as a type sec- 
tion. Completeness should remain the ideal. The practical advantages in an 
incomplete type section merely help to compensate for the absence of a more 
complete one, which should be used if it were known to be available in the re- 
gion where a type is needed,—unless it were less satisfactory paleontologically 
than the incomplete one. 

If the best available section is incomplete, a horizon marked by hiatus 
or unconformity is, in the absence of convincing paleontological evidence to the 
contrary, more suitable as a boundary than any bedding plane a few feet above 
or below it, lying between hiatuses. And if a type section is believed to be com- 
plete, the position of hiatuses in less complete sections near by may be utilized 
as one of the lines of evidence in determining the position of the top and base 
of the type section. 


6. INCLUSION OF BARREN SEDIMENTS IN TYPE SECTION 


The Stanford seminar has tentatively suggested the adoption of Indian 
and Armenian names and type localities for two stage terms to replace the term 
“Ochoa series.” Kleinpell also considers the paleontological deficiency of the 
Ochoa a bar to its inclusion in a type section. It is unfortunate that the only 
substitutes suggested are Asiatic. They may indeed prove to be more suitable . 
as world types for those stages, but they are not recognizable in the American 
type section. The subcommittee believed it best to find the type sections of 
all its series not only in a single continent, but if possible in a single province. 
No better, or equally adequate, American substitute for the Ochoa section is 
yet known. 
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WHERE SHOULD YOUNG GRADUATES IN PETROLEUM 
GEOLOGY ACQUIRE FIELD EXPERIENCE?! 


DAVID A. DUNN? 
Lubbock, Texas 


The oil companies are no longer doing extensive work in surface geology; 
therefore they afford little opportunity for young graduates in petroleum 
geology to acquire field experience. This fact has been pointed out by Frederic 
H. Lahee’ and E. DeGolyer* in recent papers. 

State and federal surveys still do much work in surface geology. However, 
they are neither designed nor prepared to furnish field training for any large 
number of men. Many of their organizations are small and limited financially 
and their work demands men already trained for field jobs. For these reasons 
the writer believes that surveys, as they exist at the present time, can be dis- 
missed as a major source of field training for petroleum geologists. 

Accepting without question the statement that a young petroleum geologist 
should have field experience, the writer would like to express his views as to 
where the responsibility for that training lies. It is evident that the school 
graduating the geologist, thereby expressing its belief in his ability, should 
have equipped him to meet the problems he will necessarily face. For this 
reason the writer believes that a school turning out a graduate in petroleum 
geology who is not properly trained in field work has neglected its responsi- 
bility to the student. 

Field training by schools could be lengthened and improved by complet- 
ing classroom and academic work in 3 years so that all requirements outside of 
geology and geologic surveying would be fulfilled, leaving the student free for 
one year of training in the field. During these 3 years the student should be 
given good fundamental courses in geology to prepare him for a year of con- 
centrated study of geology and geologic methods. It might be necessary, due 
to the many extra requirements, to have 4 years of preparation in the school 
proper before the last year in the field. In this last year the student would 
study geologic surveying, geologic structures, paleontology, sedimentation, 
stratigraphy, and petrology in the field under men who are specialists. 

Since it is difficult to find one area that is suitable for all types of study 
and for one school to provide suitable buildings and equipment at several 
localities, it would probably be necessary for a number of schools to operate 
together, each furnishing a field station and one instructor. Each site should 
be selected on the basis that it is ideal for one phase of geologic study. The 
man selected for each area should be a specialist in the type of geology to be 
taught there. The schools codperating in this plan could exchange students 


1 Manuscript received, September 20, 1940. 
? Box 202, Tech. Station. 


3 Frederic H. Lahee, ‘‘Where Shall Our Young Graduates in Petroleum Geology 
Acquire Field Experience?,”’ Buil. Amer. Assoc. Petrol. Geol., Vol. 22, No. 11 (November, 
1938), pp. 1613-14. ‘“‘Where Will Young Graduates in Petroleum Geology Acquire 
Field Experience?,”’ ibid., Vol. 24, No. 8 (August, 1940), pp. 1386-88. 

4 E. DeGolyer, ‘‘Future Position of Petroleum Geology in the Oil Industry,” Bull. 
Amer. Assoc. Petrol. Geol., Vol. 24, No. 8 (August, 1940), pp. 1389-99. 
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from time to time so that each student would have comprehensive study in 
all types of field work, in a locality suited to that study and under men trained 
to give them the best possible instruction. Being under men from different 
schools the student would have an opportunity to obtain a much broader view 
of geologic problems and interpretations. 

The writer realizes that many problems stand in the way of such a solu- 
tion but it is his belief that they could be overcome in a practical way. 
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REVIEWS AND NEW PUBLICATIONS 


* Subjects indicated by asterisk are in the Association library and available, for 
loan, to members and associates. 


FORAMINIFERA IN ZONAL PALEONTOLOGY, 
BY BRADFORD C. ADAMS 


REVIEW BY HUBERT G. SCHENCK! 
Stanford University, California 


“Foraminifera in Zonal Paleontology,” by Bradford C. Adams. Proc. Sixth 
Pacific Science Congress, 1939, Vol. 2 (1940), pp. 665-70; 2 charts. 


This article is a concise, well illustrated statement of one means of using 
fossils for the organization of strata into Zones. As it is one of the few papers 
in the English language on the subject, it will doubtless receive the careful 
attention of many stratigraphers and paleontologists. 

The author employed the following technique. 

1. A control section was carefully measured and closely collected. 

2. The species were meticulously discriminated and their stratigraphic 
ranges and relative abundances determined. 

3. By analyzing these ranges, provisional Zones were established, so that 
each thickness of strata thus defined should include (a) species which are re- 
stricted to a single Zone, (b) species which have their lowest occurrences in 
the Zone, and (c) species that are not restricted to a single Zone. Each Zone 
is thus a thickness of strata delimited by paleontological criteria. 

The author apparently regards the biostratigraphic divisions of the upper 
Cenozoic rocks in the control section in Ventura County, California, as pro- 
visional because they have not been tested sufficiently over a wide geographic 
area and because species of many other genera need similar treatment. The 
genera employed in this study were Bolivina, Bulimina, and Buliminella. 


1 Manuscript received, October 8, 1940. 


SOME FORAMINIFERAL CORRELATIONS IN THE EOCENE 
OF THE SAN JOAQUIN VALLEY, CALIFORNIA, 
BY BORIS LAIMING 


REVIEW BY HUBERT G. SCHENCK! 
Stanford University, California 


“Some Foraminiferal Correlations in the Eocene of the San Joaquin Valley, 
California,” by Boris Laiming. Proc. Sixth Pacific Science Congress, 1939, 
Vol. 2 (1940), pp. 535-68; 9 figs. in text. 


The author presents evidence to prove the value of the smaller Foraminif- 
era as a basis for correlating the Eocene strata in California. His figure 9 
shows that most of the tentative foraminiferal correlations conform to the mol- 
luscan correlations of the same formations by Clark and Vokes (1938), except 
that greater detail is possible by the use of the microfossils. The foraminiferal 
sequences are from a number of sections taken from widely separated areas. 


1 Manuscript received, October 8, 1940. 


2049 


2 Ty “a 
| 
| 
| 
| 
| 
| 
i] 
| 
| 
| 
sal 


2050 REVIEWS AND NEW PUBLICATIONS 


These sequences show that the general order of superposition of the assem- 
blages remains constant even in the presence of variable lithologic conditions. 

The oldest (Paleocene) division is the foraminiferal zone E, containing a 
large number of species described from the Midway of Texas, the Moreno 
(Upper Cretaceous) of California, and the Upper Cretaceous of Trinidad and 
elsewhere. About half of the species in the E zone range into the superjacent 
D zone. Among the species present in this oldest zone are Bulimina arkadel- 
phiana var. midwayensis, Bolivina applini, Flabellina reticulata, Lenticulina 
midwayensis, Silicosigmoilina californica, Spiroplectoides clotho, and Vaginu- 
lina cf. simondsi. The fauna of this E zone is developed in the shale underlying 
the Meganos formation and overlying the horizon from which Martinez mega- 
fossils have been reported north of Mt. Diablo and in the vicinity of the town 
of Martinez. The same assemblage occurs also in the lower Lodo formation 
north of Coalinga and in the basal 2,000 feet of the Martinez formation on the 
north side of Simi Valley. 

The superjacent D zone contains the following Foraminifera: Giimbelina 
cf. globulosa, Loxostomum cf. wilcoxensis, Marginulina mexicana var. altico- 
stata, Anomalina dorri var. aragonensis, Bulimina excavata, Silicosigmoilina 
californica, Spiroplectoides clotho, Bolivina applini, and many others which oc- 
cur in divisions A-C of the type Meganos formation, in part of the Cerros 
member of the Lodo formation, and elsewhere. 

The next higher division is C zone, which is characterized by the pres- 
ence of the following species: Nodosaria cf. velascoensis, Nodosaria cf. pseudo- 
obliquestriata, Pulvinulinella cf. culter, Amphimorphina ignota, Giimbelitria sp., 
Gonatosphaera alternicostata, Bulimina cf. declivis, and Spiroplectoides directa. 
The fossils of the C zone occur in the Cantua sandstone member of the Lodo 
formation, in the lower part of division E of the type Meganos formation, and 
elsewhere. Many of the species have been reported from the Aragon of Mexico, 
the Midway of Texas, the Eocene of Cuba, and the late Cretaceous of Tabasco, 
Mexico. 

Thus the author develops his foraminiferal zonation, with the youngest 
unit being “zone R’—the Refugian Stage of Schenck and Kleinpell—with 
Bulimina sculptilis, Uvigerina cocoaensis, Plectofrondicularia packardi, and 
others. Including this zone R, the author sets up twelve foraminiferal zones. 
Charts show graphically the position and correlation of these zones and for- 
mations in various surface and subsurface sections. The most profound faunal 
change in the entire Eocene column, between zones C and B-4, occurs within a 
shale member in most of the sections. 

The author concludes (p. 564): 


The correlation tables accompanying this report represent an attempt to interpret 
the Eocene succession in California on the basis of foraminiferal evidence, and to fit 
this evidence, as far as possible, into the divisions of the California Eocene established 
previously by means of megafossils. Some of these foraminiferal correlations will be 
found in disagreement with other lines of evidence, and are here presented tentatively 
with the primary purpose of pointing out where the discrepancies in the application of 
various lines of evidence for correlation do occur. Additional detailed work on the 
foraminifera can contribute a great deal toward a more satisfactory interpretation of 
the Eocene succession in California. 
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THE PERCENTAGE METHOD OF STRATIGRAPHIC 
DATING, BY A. MYRA KEEN 


REVIEW BY HUBERT G. SCHENCK! 
Stanford University, California 


“The Percentage Method of Stratigraphic Dating,” by A. Myra Keen. Proc. 
Sixth Pacific Science Congress, 1939, Vol. 2 (1940), pp. 659-63; 2 figs. in 
text. 


The percentage of living molluscan species occurring in Cenozoic deposits 
is a measure devised by Charles Lyell in 1833 for separating the Tertiary se- 
ries of Europe. This measure has only limited significance in dating deposits 
outside of Europe. Graphically, the percentages of the four divisions of the 
Tertiary take a hollow-curve form when plotted either with equal spacing or 
with spacing in accordance with the relative durations of the Eocene, Oligo- 
cene, Miocene, and Pliocene epochs as determined by the helium method of 
dating. Previous authors have pointed out that the application of the Lyellian 
percentage scheme must take into account facies, temperature, taxonomy, the 
personal equation, and completeness of faunas. The present author here in- 
sists that the factor of statistical probabilities must also be recognized. A hol- 
low-curve form for these percentages means that the factor of differential prob- 
able errors of sampling, especially for Eocene and Oliogocene faunules, will 
add another to the already long list of reasons for caution in the use of the per- 
centage method for long-range correlations. For establishing the sequence of 
faunas within a given region the method is, as Lyell demonstrated, advanta- 
geous. 


1 Manuscript received, October 8, 1940. 


NOTES ON SOME FORAMINIFERA FROM MARYSVILLE 
BUTTES, CALIFORNIA, BY M. C. ISRAELSKY 


REVIEW BY HUBERT G. SCHENCK! 
Stanford University, California 


“Notes on Some Foraminifera from Marysville Buttes, California,” by M. C. 
Israelsky. Proc. Sixth Pacific Science Congress, 1939, Vol. 2 (1940), pp. 
569-95; 7 pls., 1 table. 

The Foraminifera here discussed are from the Marysville formation 
(Eocene) at “Fig Tree Gulch,” 2 miles N. 80° W. of South Butte in Sacra- 
mento Valley, California. Specimens are figured for comparison from the 
Midway, Claiborne, upper Danville Landing beds, Wilcox, and Vicksburg of 
the Gulf Coast. The strongest relationships of the faunule from California are 
with the lower Eocene (Wilcox and Midway) and the middle Eocene (Clai- 
borne). Clark and Vokes (1936) placed the Marysville formation in their 
“Capay Stage,” which, according to Israelsky (p. 571) “seems to contain both 
Claiborne and Wilcox of the Gulf Coast.’’ The following species are identified 
as occurring both in the Marysville formation and in the lower Tertiary of 
the Gulf Coast: Quinqueloculina yeguaensis, Lenticulina orbicularis, L. mid- 
wayensis, Hemicristellaria vacavillensis, Hemicristellaria sp., Marginulina 


1 Manuscript received, October 19, 1940. 
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cocoaensis, Glandulina laevigata ovata, Lamarckina rugulosa var., Gyroidina 
scrobiculata, Eponides lotus, Siphonina wilcoxensis, Ceratobulimina rel. per- 
plexa, Pulvinulinella cf. exigua, Globigerina topilensis, and Anomalina umbonata. 


RECENT PUBLICATIONS 


CALIFORNIA 


*“A New Miocene Mammalian Fauna from Caliente Mountain, Califor- 
nia,” by Jack F. Dougherty. Carnegie Inst. Washington Pub. 514, Contrib. 
Paleontology VIII (Washington, D. C., June 27, 1940), pp. 109-43; 3 figs., 1 
correlation chart, 7 pls. 

“Geologic Formations and Economic Development of the Oil and Gas 
Fields of California,’ by more than 100 contributors under the direction of 
Olaf P. Jenkins, chief geologist of the Geologic Branch. California Div. Mines 
Bull. 118. To be printed in 4 parts. Part I, “Development of the Industry,” 
is ready in preprint form to persons who subscribe for all 4 preprint parts, 
$3.00. The other 3 parts will be sent as soon as completed. The final bulletin, 
in cloth binding, will probably be ready in 1941, probably $4.00 per copy. 
Part I contains 80 pp., 8.5 X11 inches, and includes chapters on Development 
and Production, Exploration, and Early History. Part II will be “Geology of 
California and the Occurrence of Oil and Gas’’; Part III, “Descriptions of 
the Individual Oil and Gas Fields’’; Part IV, “Glossaries, Bibliography, and 
Index.” The whole will be profusely illustrated. Subscription to the 4 preprints 
(only 1 now ready), $3.00. Write to Walter W. Bradley, State mineralogist, 
Division of Mines, Ferry Building, San Francisco, California. 


CANADA 


*“Tjiscovery of More Oilfields Essential to Canada,” by Joseph S. Irwin. 
Canadian Oil and Gas, Vol. 1, No. 3 (Toronto, September, 1940), pp. 10-11, 
34; 4 photographs. 

*“Preliminary Map, Jumpingpound, Alberta,” by G. S. Hume. Canada 
Geol. Survey Paper 4o-1 (Ottawa, 1940). Map sheet, 31 X41 inches, folded in 
cover envelope. Tertiary and Upper and Lower Cretaceous areal geology on 
topographic base. Scale, 2 inches=1 mile. Topographic contour interval, 50 
feet. Blue-line print. Price, $0.10. 

*“Preliminary Map, Bragg Creek, Alberta,”’ by G. S. Hume and H. H. 
Beach. Ibid., Paper 40-6. Map sheet showing Cretaceous, Jurassic, and Car- 
boniferous. Scale, 2 inches=1 mile. Topographic contour interval, 100 feet. 
Price, $0.10. 

*“The Structure and Oil Prospects of the Foothills of Alberta between 
Highwood and Bow Rivers,” by G. S. Hume. Jbid., Paper 40-8. 22 pp., 2 figs.: 
(1) sketch showing position of structures and geological cross sections and (2) 
folded sheet (23 X32 inches) showing 6 structure sections. Price, $0.10. 

*“The Lloydminster Gas and Oil Area, Alberta and Saskatchewan,” by 
G. S. Hume and C. O. Hage. [bid., Paper 40-11. 12 pp., 1 fig. (sketch showing 
structural contours on Lower Cretaceous), 2 tables (showing depths to forma- 
tions in 23 wells and other geological data). Price, $0.10. 


GENERAL 


The Mines Magazine (official organ of the Colorado School of Mines Alum- 
ni Association). Fifth annual petroleum edition (August, 1940). 16 articles, 
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more than 100 illustrations, maps, and charts. Articles include: Oil in Western 
Canada, by Joseph S. Irwin; Hugoton Gas Field of Oklahoma and Kansas, by 
Glenn G. Bartle and Rufus M. Smith; Petroleum Industry of Argentina, by 
Ben H. Parker; Requirements of a Modern Seismograph Service, by Joshua 
L. Soske; The Importance of Research in Petroleum Geology, by Francis M. 
Van Tuyl; Equipment and Laboratories of Geophysical Department at 
Mines, by Carl A. Heiland; Interpretation of Seismograms, by H. J. Mc- 
Cready; Contributions to Petroleum Geology—Brazil, translated by Francis 
N. Bosco; and other articles. The Mines Magazine, 734 Cooper Building, 
Denver, Colorado. Price, $1.00. 

*International Oil (a new quarterly publication for equipment and meth- 
ods for drilling, production, and pipe lines), Vol. 1, No. 2 (Petroleum Build- 
ing, Houston, Texas, July 1, 1940) contains among others the following ar- 
ticles: Prospecting Principles, by Esme Eugene Rosaire; Geophysical Methods 
for the Exploration and Production Division, by C. A. Heiland; The Aid of 
Geophysics to Geology in the Finding of Oil Fields, by Paul Weaver; The 
Magnetic Method and Its Interpretation Problems, by W. P. Jenny; Gravity 
Interpretations by Means of the Second Derivative Method, by H. Klaus; 
Geochemistry in Prospecting for Petroleum, by E. E. Rosaire; The Gravim- 
eter in Geophysical Exploration, by L. M. Mott-Smith; Barometric Altimeter 
as an Aid to Geophysical Prospecting, by Anton Graf. Subscription, $1.00. 
Single copy, $0.50. 

*“Tntegration: Key to Efficiency in the Petroleum Industry,” by Joseph 
E. Payne. Oil and Gas Jour. (Tulsa), Vol. 39, No. 19 (September 19, 1940), 
Pp. 59-60. 

Annual Reviews of Petroleum Technology. Vol. 5 (covering 1939). The In- 
stitute of Petroleum (September, 1940). 444 pp. Chapter on Petroleum Geol- 
ogy, by A. I. Levorsen; Regional Exploration and Development in the 
United States, by W. A. Ver Wiebe; Regional Development—All Countries 
other than the U.S. A., by J. D. Spalding, M. T. Archer, and L. S. Dawson; 
Production Engineering, by G. H. Scott; Production, by L. W. Storms, Jr. 
Twenty-one other chapters. Order from Institute of Petroleum, The Univer- 
sity, Edgbaston, Birmingham, 15, England. Price: 11 s. od. (U. S. A., $2.70), 
post free. Members of the Institute and Institute Journal subscribers may 
purchase one copy at 5 s. 6 d. ($1.35). 

*Geophysical Prospecting for Oil, by L. L. Nettleton. 444 pp., 6 X9 inches, 
177 illus. McGraw-Hill Book Company (1940). Price, $5.00. May be ordered 
from the A.A.P.G., Box 979, Tulsa, Oklahoma. 

*“The Classification of Oil Shales and Cannel Coals,” by A. L. Down 
and G. W. Himus. Jour. Inst. Petroleum, Vol. 26, No. 201 (London, July, 
1940), pp. 329-48; 5 figs. (photomicrographs of shales and limestone). 

*“Errors in Acid-Bottle Readings,” by G. H. Scott. [bid., pp. 349-56; 2 
figs. 
Tulsa Geol. Soc. Digest (1940). 52 pp. Digests of 23 papers read before the 
Society during the period from January, 1939, to March, 1940. J. M. Clark 
and A. N. Murray, editors. Paper cover. 6 X9 inches. May be purchased from 
Herbert H. Kister, secretary-treasurer, Stanolind Oil and Gas Company, 
Tulsa, Oklahoma. Price, $0.50. 

Strength and Structure of the Earth, by Reginald Aldworth Daly. 434 pp., 
85 figs., 70 tables. 6X9 inches. Cloth. Prentice-Hall, Inc., 70 Fifth Avenue, 
New York City (1940). Price, $3.50. 
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The Mineral Industry during 1939, edited by G. A. Roush. 783 pp. 
Reference work on the statistics, technology, and trade of the mining and 
metallurgical fields, foreign and domestic. Chapter on Petroleum and Petro- 
leum Products, by Arthur Knapp. McGraw-Hill Book Company, New York 
(1940). Price, $12.00. 

GULF COAST 


*The Oil Weekly Gulf Coast Number, Vol. 99, No. 3 (Houston, Texas, 
September 23, 1940). Contains, among other special articles and statistics, 
the following features: Gulf Coast Development Trend Is Away from Salt 
Domes, by John M. Vetter (2 figs.); Complex Structures of Wilcox Trend 
Being Unraveled, by John D. Todd (2 maps and Wilcox surface correlation 
chart for Alabama, Mississippi, Louisiana, and Texas); folded insert map of 
Texas and Louisiana, in colors, showing oil, gas, and sulphur fields and pros- 
pects, pipe lines, refineries, and highways (sheet, 44 X20 inches). 


ILLINOIS 


*“Study of Brine-Disposal Systems in Illinois Oil Fields,” by Sam S. 
Taylor, W. C. Holliman, and C. J. Wilhelm. U. S. Bur. Mines R. I. 3534 
(August, 1940). 20 multigraphed pp., 3 figs., 9 tables. 

Iilinois State Geol. Survey Div. Oil and Gas Development Maps: Benton 
(T. 4-6 S., R. 3-5 E.); Carlyle (T. 1-3 N., R. 2-4 W.); Greenville (T. 4-6 N., 
R. 2-4 W.); Mt. Vernon (T. 1-3 S., R. 3-5 E.). Blue-line prints obtainable at 
cost ($0.60 each) of printing and postage (stamps not acceptable). Map 
agent, 100 Natural Resources Building, Urbana, Illinois. 


IOWA 


*Magnetometer Map of the Embayment Area of Southeast Missouri. Base 
shows location, elevation, and total depth of important wells. Scale, } inch = 
1 mile. Contours in red. Missouri Geological Survey, Rolla, Missouri. Price, 
$0.25. 

MISSISSIPPI 


*“Tuscaloosa Discovery Heightens Oil Interest in Mississippi,’ by George 
Weber. Oil and Gas Jour. (Tulsa), Vol. 39, No. 19 (September 19, 1940), pp. 
62-63. Shows Cretaceous log section, Tuscaloosa correlation table, and sketch 
map of part of Mississippi and Alabama with location of structures. 


OREGON 


*“Skull and Skeletal Remains of the Camel Paratylopus Cameloides 
(Wortman) from the John Day Deposits, Oregon,” by Jack F. Dougherty. 
Carnegie Inst. Washington Pub. 514, Contrib. Paleontology IV (Washington, 
D. C., June 27, 1940), pp. 49-58; 1 pl. 


SOUTH AMERICA 


*“Tntra-Hemisphere Commerce and Prosperity Dependent on Better Un- 
derstanding,” by J. E. Brantly. Touches on climate, geography, geology, 
minerals, petroleum, water power, forests, agriculture, culture, governments, 
and development of Latin American countries. World Petroleum, Vol. 11, No. 
9 (Hoboken, New Jersey, September, 1940), pp. 43-51; 8 photographs. In 
South America issue of World Petroleum. 
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TEXAS 


*“A Decade of East Texas: Colossus of Oil,’’ anon. Oil Weekly, Vol. 99, 
No. 5 (Houston, October 7, 1940), pp. 19-40; 1 map, 16 photographs. 


TURKEY 


*“Miocene Faunas in the Region of Sivas, Turkey,” by V. Stchepinsky. 
Maden Tetkik ve Arama Enstitiisii Yayinlarindan ‘“Meteae” (Turkish Inst. 
Sci. and Mineral Resources), Mon. 1, Ser. C (Ankara, Turkey, 1939). 63 pp., 
folded geologic map in colors, geologic sections in colors, 10 pls. of fossils. 
Paper. 9.5 X12.5 inches. In French with Turkish abstract. 


URUGUAY 


*“Memoria Explicativa de un Mapa Geolégico de Reconocimiento del 
Departamento de Paysanda y de los Alrededores de Salto” (Explanation Ac- 
companying a Geological Reconnaissance Map of the Department of Paysan- 
du and the Vicinity of Salta), by R. Lambert. Inst. Geol. Uruguay Bol. 27b 
(Montevideo, November, 1939). 41 pp., 1 fig., 17 pls. of photographs, 1 folded 
geological map in colors. Paper cover, approx. 7.5 X11 inches. In Spanish. 

*“Memoria Explicativa de un Mapa Geolégico de Reconocimiento del 
Departamento de Rio Negro” (Explanation Accompanying a Geological Re- 
connaissance Map of the Department of Rfo Negro), by R. Lambert. Jbid., 
Bol. 28 (June, 1940). 33 pp., 1 fig., 4 pls. of photographs, 1 folded geological 
map in colors. 


ASSOCIATION DIVISION OF PALEONTOLOGY AND 
MINERALOGY 

*Journal of Paleontology (Tulsa, Okla.), Vol. 14, No. 6.(November, 1940). 
“Studies of Carboniferous Ammonoids: Parts 5-7,” by A. K. Miller and 
W. M. Furnish. 

“Mississippian Inadunata—Eupachycrinus and Related Forms,” by 
A. H. Sutton and Virgil D. Winkler. 

“New Genus of Foraminifera from the Later Tertiary of California,” by 
M. L. Natland. 

“Early Growth Stages of Carboniferous Microcrinoids and Blastoids,” 
by Raymond C. Moore. 

“Misellina and Brevaxina, New Permian Fusulinid Foraminifera,” by 
Hubert G. Schenck and M. L. Thompson. 

“Contributions to Nautiloid Nomenclature,” by Curt Teichert. 

“Diagrammatic Representation of Ammonoid Sutures,” by W. M. 
Furnish and A. G. Unklesbay. 
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THE ASSOCIATION ROUND TABLE 


MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the 
following candidates for membership in the Association. This does not con- 
stitute an election but places the names before the membership at large. If 
any member has information bearing on the qualifications of these nominees, 
he should send it promptly to the Executive Committee, Box 979, Tulsa, 
Oklahoma. (Names of sponsors are placed beneath the name of each nominee.) 


FOR ACTIVE MEMBERSHIP 


Karl A. E. Berg, Billings, Mont. 

Erwin H. MacDonald, Irvine E. Stewart, George R. Downs 
Carl Huntington Broedel, Baltimore, Md. 

Joseph T. Singewald, Jr., Parke A. Dickey, Richard V. Hughes 
Frank Hornkohl, Bakersfield, Calif. 

W. D. Kleinpell, Arthur F. Peterson, John C. May 
John Jay Jakosky, W. Los Angeles, Calif. 

Harold W. Hoots, Frank A. Morgan, Howard C. Pyle 
Louise Jordan, Coleman, Tex. 

M. G. Cheney, J. A. Waters, Knowles B. Smith 
Duncan Anderson McNaughton, Barranquilla, Colombia, S.A. 

Frank B. Notestein, W. C. Hatfield, Donald McArthur 
Robert Russell Rosenkrans, Houston, Tex. 

C. B. Claypool, Ernest Rice Smith, Robert G. Hamilton 
Sidney Alton Stubbs, Tallahassee, Fla. 

Robert B. Campbell, Herman Gunter, Fred M. Bullard 


FOR ASSOCIATE MEMBERSHIP 


John O. Allen, Spaulding, Okla. 

A. J. Williams, R. W. Harris, O. A. Seager 
Robert Turner Bennett, Mt. Vernon, Iowa 

A. C. Trowbridge, A. K. Miller, A. C. Tester 
Earl Bescher, Jr., Austin, Tex. 

Hal P. Bybee, Fred M. Bullard, Robert H. Cuyler 
August Goldstein, Jr., Shreveport, La. 

R. Dana Russell, Chalmer J. Roy, James H. McGuirt 
Carl Frederic Hiller, Wichita Falls, Tex. 

O. A. Seager, W. H. Emmons, Clinton R. Stauffer 
Dorothy A. Jung, Houston, Tex. 

Donald E. Mathes, J. P. Black, Carleton D. Speed, Jr. 
Garald G. Parker, Miami, Fla. 

V. T. Stringfield, Julian D. Barksdale, Charles E. Weaver 
Chester Robert Pelto, State College, Pa. 

H. H. Arnold, Jr., Burton E. Ashley, Edward A. Koester 
Gordon Leo Postle, Rock Springs, Wyo. 

J. H. McCourt, Hubert G. Schenck, Eliot Blackwelder 
Edward Looman Reed, Jr., Midland, Tex. 
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N. B. Winter, Robert T. Cox, Addison Young 
Richard Lee Roberts, Grand Rapids, Mich. 

T. N. Roberts, Wesley G. Gish, Don O. Chapell 
Frank August Schultz, Dallas, Tex. 

G. E. Anderson, C. G. Lalicker, V. E. Monnett 
William Hoover Thams, Norman, Okla. 

V. E. Monnett, Charles E. Decker, C. G. Lalicker 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


J. D. Berwick, Guayaquil, Ecuador, S.A. 

E. O. Markham, Stuart Sherar, L. Murray Neumann 
Clifford Garland Hardin, Barcelona, Venezuela, S.A. 

E. E. Brossard, H. D. Hedberg, P. E. Nolan 
Herman Ray Hauptman, Jr., Olney, Tex. 

R. E. Shutt, Sherwood Buckstaff, W. C. Bean 
James McNab, Midland, Tex. 

Wallace Gordon, Maria Spencer, Fay Coil: 
Burton Walker Moore, Alexandria, La. 

Paul B. Hunter, John R. Bunn, J. Q. Myers 
John Sigmund Van Sant, Borger, Tex. 

W. D. Henderson, Henry Rogatz, Horace D. Thomas 


ADDITIONAL APPLICATIONS APPROVED FOR PUBLICATION 
FOR ACTIVE MEMBERSHIP 


Max David, Lafayette, La. 

F. W. DeWolf, H. Smith Clark, S. H. Casteel 
Maxwell Roland Sartain, Houston, Tex. 

G. J. Smith, A. C. Wright, T. C. Hiestand 
Harry Hensel Sisson, Houston, Tex. 

Josiah Taylor, Dave P. Carlton, J. E. La Rue 


FOR ASSOCIATE MEMBERSHIP 


James Edward Clark, Lawrence, Kan. 

Wallace Lee, Kenneth K. Landes, Glenn G. Bartle 
Edward Alricks Hamilton, Houston, Tex. 

J. P. Smith, F. E. Turner, Charles S. Bacon, Jr. 
Hans Peter Schaub, Maracaibo, Venezuela, S. A. 

H. Stauffer, L. Kehrer, W. Tappolet 
George Raymond Turner, Oklahoma City, Okla. 

W. Harlan Taylor, Chester Sappington, Dabney E. Petty 
Ivan Franklin Wilson, Berkeley, Calif. 

George D. Louderback, Carlton D. Hulin, Bruce L. Clark 
Keith Austin Yenne, Centralia, IIl. 

L. M. Clark, H. L. Koch, Rex McGehee 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


William Joseph Hilseweck, Fort Worth, Tex. 
H. B. Fuqua, Charles E. Decker, C. D. Cordry 


| : 
4 
| 
| 


2058 THE ASSOCIATION ROUND TABLE 


ASSOCIATION COMMITTEES 
EXECUTIVE COMMITTEE 


L. C SNqweEr, chairman, Petroleum Advisers, Inc., New York City 
Ep. W. OwEN, secretary, L. H. Wentz (Oil Division), San Antonio, Texas 


Henry A. Ley, San Antonio, Texas 
Joun M. Vetter, Pan-American Producing Company, Houston, Texas 
W. A. VER WIEBE, University of Wichita, Wichita, Kansas 


REPRESENTATIVE ON DIVISION OF GEOLOGY AND GEOGRAPHY 
NATIONAL RESEARCH COUNCIL 


A. I. LEvorsEN (1943) 


FINANCE COMMITTEE 
Wattace E. Pratt (1941) W. B. Heroy (1942) E. DEGOLYER (1943) 


TRUSTEES OF REVOLVING PUBLICATION FUND 
GrorcE S. BucHANAN (1941) E. MILLER (1942) A. Morcan (1943) 


TRUSTEES OF RESEARCH FUND 
Arruur A. BAKER (1941) WALTER R. BERGER (1942) L. Murray NEUMANN (1943) 


BUSINESS COMMITTEE 
. SLIPPER (1941) 


H. K. Armstronc (1941)  H. L. Driver (1941) S.E 

W. N. BALiarD (1941) E. C. Epwarps (1942) L. C. SNIDER (1942) 

N. Woop Bass (1941) James F. Gress (1942) H. B. STENZEL (1941) 

R. L. BECKELHYMER (1942) DELMAR R. GUINN (1941) __L. W. STEPHENSON (1942) 
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W. W. CLawson (1942) C. L. Moopy (1941) Joun M. VETTER (1941) 
Carey CRONEIS (1941) H. H. Now an (1941) T. E. Werricu (1942) 

J. I. Dantets (1941) Ep. W. OwEN (1941) E. B. Witson (1941) 

R. K. DEForp (1941) Paut H. Price (1941) Rosert H. Woop (1941) 
C. E. Dossin (1941) RocGER H. SHERMAN (1941) C. E. YAGER (1941) 


COMMITTEE FOR PUBLICATION 
R. E. RETTGER (1942), chairman, Sun Oil Company, Dallas, Texas 


1941 1942 1943 
Tuomas H. ALLAN Car es G. CARLSON B. W. BLANPIED 
T. C. Craic James TERRY Duce CHARLES M. Cross 
ALAN J. GALLOWAY CoteMAN D. HunTER H. F. Davies 
A. B. Gross Lewis W. MacNaucGHTon Max L. KrRvuEGER 
Rosert F. CARLETON D. SPEED, JR. Jep B. MaEBIus 
Rosert C. LAFFERTY, JR. James L. Tatum Kart A. MycpaL 
J. T. RicHaRDS Frep H. Witcox O. A. SEAGER 

H. V. TyGretr 


J. Marvin WELLER 

RESEARCH COMMITTEE 

A. I. LevorsEN (1942), chairman, 221 Woodward Boulevard, Tulsa, Oklahoma 
M. G. CHENEY (1942), vice-chairman, Coleman, Texas 


1941 1942 1943 
E. WayNE GALLIHER N. Woop Bass RoLanp F. BEERS 
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GEOLOGIC NAMES AND CORRELATIONS COMMITTEE 
Joun G. Bartram (1942), chairman, Stanolind Oil and Gas Company, Tulsa, Oklahoma 


1941 1942 1943 
Monroe G. CHENEY Joun E. Apams ANTHONY FOLGER 
Rosert H. Dott Gentry Kipp BENJAMIN F. HAKE 
Harorp N. HIcKEy Hucu D. MIsER ROBERT M. KLEINPELL 
MER LE C. ISRAELSKY RaymonpD C. Moore Norman D. NEWELL 
C. L. Moopy CHARLES W. TOMLINSON 


SUB-COMMITTEE ON CARBONIFEROUS 
M. G. CHENEY (1942), chairman, Coleman, Texas 


1941 1942 1943 
Rosert H. Dott Raymonp Moore BENJAMIN F. HAKE 
Haro_p N. Hickey { Norman D. NEWELL 


CHARLES W. TOMLINSON 


COMMITTEE ON APPLICATIONS OF GEOLOGY 


Carrot E. Dossin (1943), chairman, U. S. Geological Survey, Denver, Colo. 
Henry C. Cortes (1941), vice-chairman, geophysics, Magnolia Petroleum Co., 


Dallas, Tex. 


Carey CRONEIs (1943), vice-chairman, paleontology, University of Chicago, 
Chicago, Il. 


1941 1942 1943 
Hat P. ByBEz LuTHER E. KENNEDY R. M. BARNES 
E. E. ROSAIRE CHALMER J. Roy H. S. McQuEEN 
A. TRAGER B. B. WEATHERBY 


SPECIAL COMMITTEES 


COMMITTEE ON COLLEGE CURRICULA IN GEOLOGY 
Freperic H. LAwEE, chairman, Sun Oil Company, Dallas, Texas 


L. T. BARROW Wintarop P. Haynes Joun D. Marr 
WALTER R. BERGER K. K. LANnpDEs E. K. Soper 
Hat P. ByBEE Henry A. LEy W. T. THom, Jr. 


Joun T. LONSDALE 


COMMITTEE TO RECOMMEND A NEW METHOD OF ELECTING 


OFFICERS 
GrorcE S. BucHANAN, chairman, Box 2199, Houston, Texas 
N. Woop Bass J. V. Howey Joun N. TROxELL 
C, CLARK L. C. Morcan W. B. Witson 


COMMITTEE ON MIMEOGRAPHED PUBLICATIONS 
FRANK R. Cxiark, chairman, The Ohio Oil Company, Tulsa, Oklahoma 


ARTHUR E, BRAINERD Freperic H. LAHEE E. Ftoyp 
GEorGE S. BUCHANAN A. I, LEvorsEN Frank A. MorGan 
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JEROME ARCHIBALD CHEVALIER 
(1877-1940) 

Jerome Archibald Chevalier was born, December 4, 1877, at Chicago, 
Illinois, and died of cerebral hemorrhage, July 15, 1940, at Muskogee, Okla- 
homa. 

He is survived by his wife, Olga, living in Muskogee, and two daughters, 
Elizabeth and Jean, residing in Chicago, Illinois. 

His college preparatory work was done at the Princeton-Yale school of 
Chicago, and he entered Princeton University in 1896. 

In the ten years following his college work, Mr. Chevalier engaged in the 
exploration and development of mining properties in Colorado and Missouri. 
From 1910 to 1912, he was geologist and assistant manager of the Badger Mines 
Company, operating principally in Colorado, and in 1912, was elected vice- 
president and treasurer of the company. 

Four years later, in 1916, Mr. Chevalier became associated with the Carter 
Oil Company, and in 1917 served as chief geologist for the same company. 
During the years 1918 and 1919 he was geologist for the Sun Oil Company 
of Philadelphia, doing field work principally in the Mid-Continent and Gulf 
Coast fields. 

In 1920 Mr. Chevalier became affiliated with Chas. B. Peters and was in- 
strumental in opening several new oil fields in Osage County, Oklahoma. The 
following year he organized the Douglas Oil Company of Oklahoma, an affili- 
ate of the Whiteside Interests, of Duluth, Minnesota, and served as chief 
geologist and vice-president of the company. 

In 1922 he became senior member of the firm of Chevalier and Prout, con- 
sulting geologists, of Pawhuska, Oklahoma. This firm remained active until 
its dissolution in 1925. From 1925 to 1937 Mr. Chevalier was engaged in 
leasing and developing oil properties in Kansas and Oklahoma. 

It was in April, 1937, that Mr. Chevalier met with an automobile accident 
which seriously impaired the vision of one eye. In spite of this handicap, 
he was soon back at his office with the energy and enthusiasm which were 
his outstanding characteristics. He was very much interested in trap shooting 
and had an excellent collection of guns. 

Mr. Chevalier deserves to be classed as one of the pioneer geologists of 
the Mid-Continent field. He was likeable, generous, and always interested in 
the success of others and his passing is regretted by his many friends and 
associates. 

L. E. KENNEDY 


Tusa, OKLAHOMA 
October, 1940 
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CURRENT NEWS AND PERSONAL ITEMS OF 
THE PROFESSION 


G. FREDERICK SHEPHERD, formerly geologist with the Phillips Petroleum 
Company, Bartlesville, Oklahoma, is geologist with the Lane-Wells Company, 
Houston, Texas. 


Victor P. GRrAGE, formerly with the Gulf Refining Company, is now zone 
geologist for the H. L. Hunt Company of Dallas, Texas. His address is 1102 
City Bank Building, Shreveport, Louisiana. 


T. A. BENpRAT, of Beckley, West Virginia, in addition to his consulting 
activity, is continuing to collect and prepare plant fossils from the Potts- 
ville series of West Virginia, for a number of university departments of botany 
and geology. 


James A. Ton, recently at Caracas, Venezuela, is now at the New York 
office of the Socony-Vacuum Oil Company, 26 Broadway. 


R. V. HotiincswortH, of the Shell Oil Company, Inc., Tulsa, is at the 
University of Chicago, taking post-graduate courses. 


GLEN M. Ruby is devoting part of his time to consulting practice in the 
United States. His address is 1035 Bartlett Building, Los Angeles, California. 


Newly elected officers of the Houston Geological Society, Houston, Texas, 
are: president, GEORGE S. BUCHANAN, consulting geologist; vice-president, 
A. P. Attison, Sun Oil Company; secretary, LESLIE BowLinc, Union Oil 
Company of California; treasurer, DUGALD GorpDoN, Brokaw, Dixon, and 
McKee. Elected to the advisory committee are: J. W. KisLinc, Jr., Amerada 
Petroleum Corporation; A. L. SELIG, Stanolind Oil and Gas Company; E. G. 
THompson, Housch and Thompson. 


O. S. HERVEY, of the Sun Oil Company, has been transferred from the 
position of core-drill geologist to that of field geologist, working out of the 
McAllen, Texas, district office. 


RosBert T. Bootu, of the South Mediterranean Oilfields, Ltd., has left 
Cairo, Egypt. He may be addressed at 207 Terrell Road, San Antonio, Texas. 


FRANK Bure BENNETT, who has been engaged in geological exploration 
of Indian Oil Concessions, Ltd., in Baluchistan during the past year and a 
half, has returned to the United States. He can be reached through the office 
of the Standard Oil Company of California, 225 Bush Street, San Francisco. 


Louis H. DESJARDINS, recently with the Aero Exploration Company and 
engaged in consulting work, is now in charge of a new department of the 
Seismograph Service Corporation for aero-geology. His address is the Ken- 
nedy Building, Tulsa, Oklahoma. 
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W. W. KELLEY, geologist of San Antonio, Texas, talked on “Limitation 
of Geophysical Methods” at a recent meeting of the South Texas Geological 
Society at San Antonio. 

E. L. Freps, of the Plymouth Oil Company, has been transferred from 
Jackson, Mississippi, to Sinton, Texas. 


GERALD A. WarING has returned to 518 Dryden Road, Ithaca, New 
York, after being in Egypt for 13 years in the service of the Socony-Vacuum 
Oil Company. 

Tuomas A. Henpricks, of the United States Geological Survey, Wash- 
ington, D. C., talked before the Tulsa Geological Society, at Kendall Hall, 
Tulsa University, October 7, on “Structure of the Western Part of the Oua- 
chita Mountains, Oklahoma.” 


Joun A. Liutnc, of Lincoln, Nebraska, recently in the geological service 
of the Standard Oil Company of Venezuela, is a lieutenant in the 39th Infan- 
try, 9th Division, Fort Bragg, North Carolina. 


A. I. LEvorsEn, of Tulsa, Oklahoma, addressed the Independent Pe- 
troleum Association of America in session at Dallas, Texas, ates 17, on 
“Geological Outlook for Future Oil Discovery.” 


Byron WARREN BEEBE, recently in consulting work at Wichita, Kansas, 
is at the California Institute of Technology, taking post-graduate courses for 
the Ph.D. degree. His address is 253 East Bellevue Drive, Pasadena, Califor- 
nia. 

O. F. VAN BEVEREN, who has been with the Nederlandsche Pac. Pet. 
Mij., has left Medan, Sumatra, and may be addressed at 4361 Colfax Avenue, 
North Hollywood, California. 


J. R. Jackson, Jr., formerly on the staffs of the Standard Oil Company 
of Venezuela and the University of Texas, has been appointed W. P. A. proj- 
ect superintendent for the oil-well logging project sponsored by the Univer- 
sity of Texas. His address is 3318 Caroline, Houston, Texas. 


President L. C. SNIDER attended the Appalachian Geological Society 
field trip in the Niagara Gorge area, October 4 and 5. 


Hucu D. Miser, of the United States Geological Survey, Washington, 
D. C., has been working in Arkansas much of the time since July. Most of the 
Survey men under his direction in the Fuels Division have been transferred 
to work on strategic minerals. 


Doris S. MALKIN, of the Speed Oil Company, and Dorotuy A. JuNc, 
Republic Production Company, spoke before the Houston Geological Society 
on ‘Marine Overlap and Its Relation to Oil Accumulation,” at the regular 
noon meeting of the Society, October 10. 


FREDERICK G. CLappP, consulting geologist, 50 Church Street, New York, 
has been at 707 Avenue E, Lawton, Oklahoma, for several weeks. 


Ep. W. Owen, secretary-treasurer of the Association, addressed the West 
Texas Geological Society at Midland, Texas, and the Tulsa Geological Society 
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at Tulsa, Oklahoma, in October, on ‘Oil Reserves and Trend of Discoveries 
in West Texas and New Mexico.” 


An Oklahoma Mineral Industries Conference will be held on the Univer- 
sity campus, Norman, November 19. The conference is being sponsored by 
the mineral industries committee of the Oklahoma Development Council, 
and the Oklahoma Geological Survey. Speakers will include Governor LEON C. 
Puitiies, S. M. SHELTON, supervising engineer, Mississippi Valley Experi- 
ment Station of the United States Bureau of Mines, H. A. BuEHLER, State 
geologist of Missouri, and CHarLes N. Gou tp, former director of the Okla- 
homa Geological Survey. Arrangements are in charge of RoBert H. Dorr, 
director of the Oklahoma Geological Survey, Norman, and additional infor- 
mation may be obtained from him. 


James A. Lewis, of the Core Laboratories, Inc., Dallas, Texas, discussed 
core analyses as applied to production methods before the Dallas Petroleum 
Geologists, October 7, at Hyer Hall, Southern Methodist University. 


Cartes S. LAvINGTON, of the Continental Oil Company, Denver, Colo- 
rado, spoke before the Rocky Mountain Association of Petroleum Geologists, 
October 21, on “Oil Accumulation and Stratigraphy of the Greasewood Oil 
Field and Adjacent Area.” 


Joun H. McCammon, 2D, has returned from service with Petrol Grubu, 
M.T.A., Ankara, Turkey. His address is 405 East 16th, Austin, Texas. 


Pau WEAVER, chief geophysicist of the Gulf Oil Corporation, Houston, 
Texas, gave a paper on ‘“‘Radioactivity of Sedimentary Rocks and Its Stra- 
tigraphic Significance,” before the South Louisiana Geological Society at 
Lake Charles, October 15. J. L. GARTNER, of Well Surveys, Inc., Tulsa, Okla- 
homa, assisted in discussion of the paper. 


The Mississippi Geological Society will conduct a field trip through north- 
western Alabama, December 6, 7, and 8, according to JosEpH M. Dawson, 
consulting geologist, Jackson, Mississippi. 


CLARENCE E. Breum has resigned his connection as chief geologist with 
the Kingwood Oil Company at Effingham, Illinois, and has opened an office 
as consulting geologist and geophysicist at 1720 West Broadway, Mt. Vernon, 
Illinois. 


RayMonpD W. SNYDER, recently in the geological department of the King- 
wood Oil Company, may be addressed at his home, Mt. Harris, Colorado. 


P. E. FirzcGERALp, geologist with Dowell, Incorporated, Tulsa, is on the 
program of the Rocky Mountain Association of Petroleum Geologists, Den- 
ver, Colorado, November 18, to speak on “Rocky Mountain Well-Treating 
Problems.” 


Roranp F. BEeErs, president of the Geotechnical Corporation, Dallas, 
Texas, announces the opening of a research laboratory for investigation of 
geophysical problems at 580 Massachusetts Avenue, Cambridge, Massachu- 
setts, where he is in charge of the corporation’s research program. 
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CHARLES GILL Moreau, of the United Geophysical Company, Pasadena, 
California, addressed the Los Angeles Chapter of Nomads, October 9, on 
recent operations in Patagonia, northern Argentina, and Brazil, using motion 
pictures to illustrate his talk. 


IRVING PERRINE, of Oklahoma City, Oklahoma, has been acting as con- 
sulting geologist in matters pertaining to oil and gas in connection with the 
Oklahoma, Texas, and Vicksburg divisions of the United States Army En- 
gineers. 


Tuomas E. Matson, recently with the Kingwood Oil Company, is in the 
employ of the Ohio Oil Company, working out of the office at St. Joseph, 
Missouri. 


The Mississippi Geological Society, Jackson, Mississippi, has elected the 
following officers: president, URBAN B. HuGHEs, consultant, 605 Tower Build- 
ing; vice-president, Tom McGtorutiin, Gulf Refining Company; secretary- . 
treasurer, D. C. HARRELL, Carter Oil Company, Drawer 1490. 


Wrtarp D. Pye has a fellowship for the current year at the University 
of Chicago for graduate study and research in sedimentation and petroleum 


geology. 


Orto A. Porrrer received the degree of Master of Arts in geology at the 
University of Minnesota this spring and is now in the department of aerial 
geology of the Seismograph Service Corporation at Tulsa, Oklahoma. 


G. M. SrrauGHan, of the Kentucky-West Virginia Gas Company, has 
been transferred from Abingdon, Virginia, to Prestonburg, Kentucky. 


Josepu B. Petra has returned from work with the Colombian Petroleum 
Company at Cucuta, Colombia, and is in the graduate school at Ohio State 
University. 


A field trip in western New York, October 4 and 5, arranged by the Appal- 
achian Geological Society, J. R. Lockett, president, and directed by C. A. 
HARTNAGEL, assistant State geologist of New York, drew a registration of 45 
persons. The party assembled at Niagara Falls and spent the forenoon of 
October 4 in the gorge with Irvinc G. REIMANN, curator of geology, Buffalo 
Museum of Science, as guide. Approximately 375 feet of strata are exposed in 
the gorge which are of particular interest to those engaged in deep drilling 
in the Appalachian area. Beds of Medina age include the upper 110 feet of the 
Queenston shale and four members of the Albion group. The Niagara series 
is represented by five members of the Clinton group and the basal part of the 
Lockport dolomite. The afternoon of the fourth was spent sight-seeing at 
Niagara Falls and vicinity. A dinner meeting at the historic Cataract House 
was addressed by Parke A. Dickey, oil geologist, Pennsylvania Geological 
Survey, and L. C. Sniner, president of the American Association of Petroleum 
Geologists. During the morning of the fifth the geologists drove to Rochester, 
stopping at certain exposures of Medina age en route. J. EDWARD HOFFMEIS- 
TER, professor of geology, University of Rochester, conducted the party 
through the Genessee gorge where exposures from the Queenston shale to the 
basal Lockport dolomite were again studied and the several differences in the 
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section explained. The party then dreve south stopping at several Upper De- 
vonian exposures, the most notable being the famous high banks near Mt. 
Morris where 500 feet of the type section of the Portage group is exposed in 
vertical cliffs. Scenic Letchworth Park, where the postglacial Genessee River 
has formed three beautiful waterfalls and cut three deep gorges in Portage 


In Niagara gorge, Appalachian Geological Society field trip. J. R. Lockett, presi- 
dent of the Society, with pipe, pick, and program. C. A. Hartnagel, assistant State 
geologist of New York, explaining exposures. 


rocks, proved to be one of the high points of the excursion. The trip officially 
ended at the historic Seneca oil spring near Cuba. On Sunday, the sixth, 
many of the party drove through northwestern Pennsylvania with Dr. Dickey 
where outcrops of Upper Devonian and Mississippian oil sands were studied. 
A visit was then made to the repressuring project and the core-analysis and 
research laboratory of the National Petroleum Company near Pleasantville 
with C. G. HoccE as guide. The trip closed with a visit to the site of the Drake 
well near Titusville. 


The Geological Society of America will hold its fifty-third annual meeting 
at the University of Texas, Austin, December 26, 27, and 28, 1940. The Paleon- 
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tological Society and the Mineralogical Society of America will hold annual 
meetings at the same time and place. Members of the Association are invited 


to attend these meetings. 


J. W. Zapr1k is working for Baker Oil Tools, Inc., at Oklahoma Cty, 
Oklahoma. 


The 1940 annual meeting of the South Texas Geological Society, held in 
Austin, Texas, October 18 and 19, was attended by approximately 350 geolo- 
gists, including A. A. P. G. president L. C. SNIDER of New York, vice-presi- 
dent JouN M. VETTER of Houston, and secretary-treasurer Ep. W. OWEN 


President L. C. Snider in group examining Bigford exposure. South Texas Geological 
Society field trip. Photograph contributed by Lon D. Cartwright, Jr. 


of San Antonio. Piesident Rainey of the University of Texas welcomed the 
group and very generously extended the facilities of the University, thus 
adding much toward the success of the meeting. The faculty and students 
of the School of Geology, the Bureau of Economic Geology, Sigma Gamma 
Epsilon fraternity, and the Southwestern Geological Society contributed 
liberally to the various phases of the program which was outlined in the 
October Buttetin. The field trip, conducted southeastward from Austin 
through Elgin, Paige, and Bastrop to Smithville, Texas, was attended by 
about 175 geologists. The trip afforded opportunity for first-hand study of the 
Wilcox and lower Claiborne sections which are now very much in the lime- 
light across the southeast part of Texas. The discussions at the various stops 
were presented over a portable public address system that made it possible 
for everyone to hear and understand the speakers. 


L. C. SnmEr, of New York, president of the Association, was in Canada 
this summer. Since the first of October he has visited affiliated societies and 
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official sections, and has conferred with local groups of geologists in the in- 
terest of the Association. His itinerary included the following: October 4, 5, 
and 6, Appalachian Geological Society at Niagara Falls and Rochester, New 
York, and in northeastern Pennsylvania; October 18 and 19, South Texas 
Geological Society at Austin, Texas; October 21 and 22, A. A. P. G. head- 
quarters and Tulsa Geological Society at Tulsa, Oklahoma; October 23, 
Oklahoma City Geological Society; October 24, Fort Worth Geological So- 
ciety, Fort Worth, Texas; October 25, Shreveport Geological Society, Shreve- 
port, Louisiana; October 26 and 27, geologists of the Houston Geological 
Society, Houston, Texas; October 30, Dallas Geological Society; October 31 
and November 1, West Texas Geological Society, Midland, Texas; Novem- 
ber 3 and 4, Rocky Mountain Association of Petroleum Geologists, Denver, 
Colorado; November 7 and 8, Pacific Section annual meeting, Los Angeles, 
California; November 11, American Petroleum Institute committee on 
fundamental research and annual meeting, Chicago, Illinois. 


The petroleum division of the American Institute of Mining and Metal- 
lurgical Engineers held its fall meeting in Tulsa, Oklahoma, October 24, 25, 
and 26, with the codperation of the Mid-Continent Section, of which P. E. 
FITZGERALD, Dowell, Incorporated, is chairman. There were 338 registrations. 
Sixteen technical papers were read at five half-day sessions, over which the 
following men presided as chairmen: R. S. KNAppEN, Gulf Oil Corporation, 
Tulsa; E. A. STEPHENSON, University of Kansas, Lawrence; D. R. KNOWLTON, 
Phillips Petroleum Company, Bartlesville; C. A. WARNER, Houston Oil 
Company, Houston; HaArorp VANCE, Texas Agricultural and Mechanical 
College, College Station. A feature of the meeting was the presentation of a 
special scroll, bearing the signatures of prominent A.I.M.E. members, to 
Cartes V. MILLIKAN, of the Amerada Petroleum Corporation, Tulsa, in 
recognition of his activity in Institute affairs during 20 years. 


The fall meeting of the petroleum division of the A.I.M.E. at Los Angeles, 
California, October 17 and 18, was held in coéperation with the Southern 
California Section, Harry P. Stoxz, of Stanley and Stolz, consultants, chair- 
man. Almost 1,000 persons registered. Seventeen papers were presented. The 
technical session chairmen were: W. H. Geis, Union Oil Company of Cali- 
fornia; JOSEPH JENSEN Tide Water Associated Oil Company; H. N. Marsu, 
General Petroleum Corporation; and R. P. McLaucuiin, Dominguez Oil 
Fields Company. ApMIRAL SINCLAIR GANNON, U.S.N., was the speaker at 
the informal dinner and smoker in the French Room of the Ambassador Hotel. 


T. V. Moore, of the Humble Oil and Refining Company, Houston, Texas, 
is chairman, and B. C. Crart, of Louisiana State University, University, 
Louisiana, is secretary-treasurer of the petroleum division of the A.I.M.E. 
The November issue of Mining and Metallurgy (p. 498) gives an estimate of 
the percentage of Institute members in the seven divisions of the A.I.M.E. 
The petroleum division is estimated as containing 15.5 per cent, but no figure 
is given for the exact number of individuals. Mining and Metallurgy of 
May, 1940, section two, p. 282, gives the total number of members, junior 
members, associates, junior foreign affiliates, and Rocky Mountain members 
as 10,174. This does not include 3,482 student associates. Fifteen and one-half 
per cent of the total (omitting the student associates) gives 1,576 as the 
estimated number of individuals in the petroleum division. 
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Matcoitm C. Oakes, of the Oklahoma Geological Survey, Norman 
Oklahoma, addressed the Tulsa Geological Society, November 4, on ‘‘The 
Pennsylvanian of Northeastern Oklahoma.” 


The Society of Economic Geologists will meet with the American Institute 
of Mining and Metallurgical Engineers in New York City on February 17-20, 
1941. 

Pau. H. UmBacu, recently instructor in geology at the State Agricultural 
and Mechanical College, Magnolia, Arkansas, is at the University of Missouri, 
at Columbia, Missouri, doing additional graduate work in geology. 


Rosert B. HARKNESS, commissioner of natural gas, Toronto, Canada, is 
on leave from the provincial government. With the rank of colonel he is in 
command of a military training camp at Newmarket. 


A. I. LevorseEN, of Tulsa, a past-president of the Association and chair- 
man of the research committee, visited local groups in the Rocky Mountain 
and Pacific Coast regions and attended the seventeenth annual meeting of the 
Pacific Section, November 7-8, at Los Angeles, California, speaking on 
Association research projects. 


FIELD TRIP 
MISSISSIPPI GEOLOGICAL SOCIETY, DECEMBER 6-8 


The following is the itinerary of the Mississippi Geological Society field 
trip through Alabama on December 6, 7, and 8. 

Spend night in Birmingham at Tutwiler Hotel, Thursday, December 5. 
Study section from pre-Cambrian through Pennsylvanian around Birming- 
ham, Friday. See iron mines and boundary fault of 10,000-15,000 feet dis- 
placement. Extremely good section exposed. Dinner and floor show, Friday 
night at Tutwiler. 

Leave Birmingham at 7:30, Saturday morning, and go north through 
Decatur to Huntsville. Study section of Pottsville, Chattanooga, Fort 
Payne, Warsaw, St. Louis, et cetera. Extremely good section exposed through- 
out. Spend night at Huntsville, good hotel. 

Leave Huntsville, 7:30 Sunday morning, and drive westward across 
Wheeler Dam and across Wilson Dam. Study Fort Payne, Warsaw, and see 
asphalt deposits in Hartselle, Bethel, and Gasper. Break up at Florence 
before noon. 

The guides for the trip will be: Russell Poor, of the Birmingham Southern 
College and Arthur J. Blair, chief geologist of the Tennessee Coal, Iron, and 
Railroad Company at Birmingham. , 

. Both hotels are good. Prices will be $2.00, each person, for twin bedrooms 
with bath; and $2.50, single room with bath. 

The trip is long and fairly hard but the geological section is extremely well 
exposed and interesting. Excellent exposures from pre-Cambrian to Pottsville, 
inclusive, are readily seen. All exposures are on, or immediately adjacent to, 
paved highways. 

We extend a sincere invitation to all geologists and hope the attendance 
will be large. 

JosrrH M. Dawson 


211 Deposit Guaranty Building 
Jackson, Mississippi 
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VERNON L. KING 
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L. C. MORGAN 
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Cincinnati, Ohio 
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OKLAHOMA 
GINTER LABORATORY 
ELFRED BECK CORE ANALYSES 
Geologist Permeability 
Porosity 
7H Bids. DALLAS, TEX. R. L. GINTER 
Owner 118 West Cameron, Tulsa 
GEOCHEMICAL SERVICE CORP. R. W. Laughlin L. D. Simmons 


GEOLOGIC STANDARDS COMPANY 
Soil Analysis—Core Analysis 


JOHN W. MERRITT 
321 South Detroit, Tulsa, Oklahoma 


WELL ELEVATIONS 


LAUGHLIN-SIMMONS & CO. 
615 Oklahoma Building 
TULSA OKLAHOMA 


A. I. LEVORSEN 
Petroleum Geologist 


221 Woodward Boulevard 
TULSA OKLAHOMA 


G. H. WESTBY 
Geologist and Geophysicist 


Seismograph Service Corporation 


Kennedy Building Tulsa, Oklahoma 


PENNSYLVANIA 


HUNTLEY & HUNTLEY 
Petroleum Geologists 
and Engineers 


L. G. HuNTLEY 
J. R. Jr. 
Grant Building, Pittsburgh, Pa. 


TEXAS 


JOSEPH L. ADLER 
Geologist and Geophysicist 


Consultant and Contractor in Geological and 
Geophysical Exploration 


2011 Esperson Bldg. 
HOUSTON, TEXAS 


MID-CONTINENT TORSION BALANCE SURVEYS 
SEISMIC AND GRAVITY INTERPRETATIONS 


KLAUS EXPLORATION COMPANY 
H. KLAUS 
Geologist and Geophysicist 


115 South Jackson 2223 15th Street 
Enid, Oklahoma Lubbock, Texas 
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A. H. GARNER 
Geologist Engineer 


PETROLEUM 
NATURAL GAS 


Continental Building 


Dallas, Texas 


D’ARCY M. CASHIN 
Geologist Engineer 
Specialist, Gulf Coast Salt Domes 
Examinations, Reports, Appraisals 

Estimates of Reserves 


705 Nat'l. Standard Bldg. 
HOUSTON, TEXAS 


E. DEGOLYER 
Geologist 
Esperson Building 
Houston, Texas 


Continental Building 
Dallas, Texas 


ALEXANDER DEUSSEN 
Consulting Geologist 
Specialist, Gulf Coast Salt Domes 


1006 Shell Building 
HOUSTON, TEXAS 


DAVID DONOGHUE 
Consulting Geologist 


Appraisals - Evidence - Statistics 


F. B. Porter R. H. Fash 
President Vice-President 
THE FORT WORTH 


LABORATORIES 


Analyses of Brines, Gas, Minerals, Oil, Inter- 
pretation of Water Analyses. Field Gas Testing. 


Fort Worth National FORT WORTH, 
Bank Building TEXAS 82814 Monroe Street etosed WORTH, TEXAS 
Long Distance 138 
J. S. HUDNALL G. W. PirtLe 
JOHN S. IVY 
HUDNALL & PIRTLE 
Geologist 


Petroleum Geologists 


Appraisals Reports 
921 Rusk Building, HOUSTON, TEXAS 
Peoples Nat'l. Bank Bldg. TYLER, TEXAS 
W. P. JENNY 
Geologist and Geophysicist CECIL HAGEN 
Gravimetric Seismic Geologist 
Magnetic Electric 


Surveys and Interpretations 


907 Sterling Bldg. HOUSTON, TEXAS 


Gulf Bldg. HOUSTON, TEXAS 


DABNEY E. PETTY 
315 Sixth Street 
SAN ANTONIO, TEXAS 


No Commercial Work Undertaken 


E. E. ROSAIRE 
SUBTERREX 
BY 
Geophysics and Geochemistry 


Esperson Building Houston, Texas 
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A. T. SCHWENNESEN 


Geologist 
926 Shell Building 


HOUSTON TEXAS 


ROBERT H. DURWARD 
Geologist 


Specializing in use of the magnetometer 
and its interpretations 


1431 W. Rosewood Ave. San Antonio, Texas 


W. G. SAvILLE J. P. SCHUMACHER A, C. PAGAN 


GRAVITY METER EXPLORATION CO. 
TORSION BALANCE EXPLORATION 
co. 


Gravity Surveys 
Domestic and Foreign 
830-2 SHELL BLDG. HOUSTON, TEX. 


ROBERT H. RAY 
ROBERT H. RAY, INC. 


Geophysical Engineering 
Gravity Surveys and Interpretations 


Gulf Bldg. Houston, Texas 


CUMMINS & BERGER 
Consultants 
Specializing in Valuations 
Texas & New Mexico 


1601-3 Trinity Bldg. 
Fort Worth, Texas 


Ralph H. Cummins 
Walter R. Berger 


WM. C. McGLOTHLIN 


Petroleum Geologist and Engineer 


Examinations, Reports, Appraisals 
Estimates of Reserves 


Geophysical Explorations 
806 State Nat'l. Bank Bldg., CORSICANA, TEXAS 


JOHN D. MARR 
Geologist and Geophysicist 
SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


F. REYNOLDS 
Geophysicist 
SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


WEST VIRGINIA 


WYOMING 


DAVID B. REGER 
Consulting Geologist 
217 High Street 


MORGANTOWN WEST VIRGINIA 


E. W. KRAMPERT 
Geologist 


P.O. Box 1106 
CASPER, WYOMING 
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DIRECTORY OF 
GEOLOGICAL AND GEOPHYSICAL 
SOCIETIES 


For Space Apply to A.A.P.G. Headquarters 
Box 979, Tulsa, Oklahoma 


COLORADO ILLINOIS 
ROCKY MOUNTAIN 
LEUM ILLINOIS 
President - - + Melville W. Fuller 


- - Harold N. Hickey 

0 Uz. xs National Bank Building 

1st View. E. H. Stevens 
Colorado School ‘a Mines, Golden 

2nd Vice-President - - - Ninetta Davis 

224 Customs 
927 Humboldt Steet 


Dinner meetings, first and third Mondays of each 
month, 6:15 P.M., Auditorium Hotel. 


Carter Oil Company, Mattoon, Box 568 


Vice-President - - - + + Maxwell B. Miller 
The Texas Company, Mattoon 


Secretary-Treasurer - + + James G. Mitchell 
The Pure Oil Company, Clay City 


Meetings will be announced. 


KANSAS 


LOUISIANA 


KANSAS 
GEOLOGICAL. SOCIETY 
WICHITA, KANSAS 
President -_- - - - + + + Anthony Folger 
Gulf Petroleum Corporation 
Vice-President - arold O. Smedley 
Skelly Oil Company 
Secretary-Treasurer - Lee H. Cornell 
Stanolind Oil and Gas Compan 
Well -  Harvel E. White 
P.M., Allis Hotel, first 
Tuesday eac Visitors cordially’ wel- 
comed 
The Soci sponsors the Kansas Well Log Bureau 
—. is located at 412 Union National Bank 
uilding. 


THE SHREVEPORT 
GEOLOGICAL SOCIETY 
SHREVEPORT, 

President - - Miller 
Oliphant Oil Corp., 911 ‘Commercial Bank Bldg. 


Vice-President - - J. D. Aimer 
Arkansas Fuel Oil “Company 
Secretary-Treasurer - - + Weldon E, Cartwright 
id ide Water Associated Oil Company 


Historian - Anna Minkofsky, Shell Oil Co., Inc. 
Meets the first Friday of every month, 7:30 P.M., 
Caddo Parish Court House. 


Civil Courts Room, 
Special dinner meetings by announcement. 


MICHIGAN 


MICHIGAN 
GEOLOGICAL SOCIETY 


President - Ww. Clark 
Michigan Elevation Service, ‘Box Mt. 


Vice-President - - - W. F. Brown 
Mt. Pleasant 


Secretary-Treasurer + C. H. Riggs 
Michigan Geological Survey 
21 Sheldon, N.E., Grand Rapids 


Business Manager - S. G. Bergquist 
Michigan State College, East no ‘ 


Meetings: Monthly dinner meetings rotating be- 
mal dress, 


SOUTH LOUISIANA GEOLOGICAL 
SOCIETY 
LAKE CHARLES, LOUISIANA 


President - - - H. V. Tygrett 
Atlantic Refining Company 
Vice-President Coe Mills 


Ohio Oil Company, Lafayette Louisiana 
Secretary - - - - E. . Baysinger 
Box 210 
Treasurer - - + Baker Hoskins 
Shell Oil Company, Inc., Box 598 


Meetin Luncheon ist Wednesday at Noon 
(12:00 and business ai third Tuesday of each 

month at 7.00 P.M. at the Majestic Hotel. Visiting 
geologists are welcome. 


= 
H 
| 
4 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Bulletin of The American Association of Petroleum Geologists, November, 1940 


MISSISSIPPI 


OKLAHOMA 


MISSISSIPPI 
GEOLOGICAL SOCIETY 
JACKSON, MISSISSIPPI 


President - - - Urban B. Hughes 
Consulting Geologist, 605 Tower Building 
Vice-President - - + Tom McGlothlin 
Gulf Refining Company, Box 1105 
- David C. Harrell 
Carter Oil Company, Box 1490 


Meetings: First and third Wednesdays of each 
month, from October to May, inclusive, at 7:30 
P.M., Edwards Hotel, Jackson, Mississippi. Visiting 
geologists welcome to all meetings. 


ARDMORE 
GEOLOGICAL SOCIETY 
ARDMORE, OKLAHOMA 


President - - - W. Morris Guthrey 
The Texas Company, Box 539 


Vice-President - - + Paul L. Bartram 
Phillips Petroleum Company 


Secretary-Treasurer- - - Tom L. Coleman 
U. S. Geological "Survey, Box 719 


hegre, First Tuesday of each month, from Octo- 
ber to ay, i inclusive, at 7:30 P.M., Dornick Hills 
Country Club 


OKLAHOMA 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 


President - Albert S. Clinkscales 
Consulting Geologist, Colcord cea 


Vice-President Clyde Dorr 
Hall-Briscoe, Inc., 2118 First. Natinaal Bide 


Secretary-Treasurer- Mabry Hoover 
Empire Oil & Refg. nedume Box 4577 


M Ninth Floor, Commerce Exchange Build- 

omy echnical Program, second Monday, each 

8:00 P.M.; Luncheons, every Monday, 
215 P.M. 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 


President = - J. Lawrence Muir 
Amerada Petroleum Corporation, Box 896 


Vice-President - - - M. C. Roberts 
The Texas Company 
Secretary-Treasurer - - _F. Spencer Withers 
Atlantic Refining Company 


Meets the fourth cx meg of each month at 8:00 
P. - , at the Aldridge Hotel. Visiting geologists 
welcome. 


THE STRATIGRAPHIC 
SOCIETY OF TULSA 
TULSA, OKLAHOMA 


President - - - Jerry E. Upp 
Amerada Petroleum Corporation, ee 2040 


Vice-President - - - Wendell S. Johns 
The Texas Company 


Secretary-Treasurer - - - L. Swabb 
Sun Oil Company, Box 1348 


Meetings: Second and fourth Wednesdays, ~—< 
month, from October to May, inclusive, at 8:00 
P.M. 


TULSA SOCIETY 
TULSA, MA 


President - - L. Borden 
The Pure Oil Company, ox 271 
1st Vice-President - - - hn G. Bartram 


Stanolind Oil and Gas ompany 
2nd Vice-President - - - + Ronald J. Cullen 
Oil 
Secretary-Treasure Herbert H. Kister 
Stanolind Oil. and Gas Company, Box 591 
ditor- - - John L. Ferguson 
Amerada Petroleum 
Associate Editor- - - - - + Hiram J. Tandy 


Meetings: and each month, 
from October to May, inclusive, at 8:00 P.M., 

University of Tulsa, Kendall Hall Auditorium: 
Luncheons: Every Thursday (October-May), Mich- 
aelis Cafeteria, 507 South Boulder Avenue. 


TEXAS 
DALLAS EAST TEXA E 
PETROLEUM GEOLOGISTS 
DALLAS, TEXAS TYLER, TEXAS 
President - W. W. Clawson 


Magnolia Petroleum. Company, Box 900 


Vice-President- - Lewis W. MacNaughton 
DeGolyer, MacNaughton, and McGhee 
Secretary-Treasurer - - D. M. 
Sun Oil Company, Box 2 


Executive Committee- - - Paul ng abies 
Meetings: Regular luncheons, first Monday of each 
Ns egu Club. night 


month, 12:15 noon, Petroleum Special 
meetings by announcement. 


Pure Oil Company 


Vice-President - - + Frank R. Denton 
Stanolind Oil and Gas Company 


Secretary-Treasurer - - + = C. I. Alexander 
agnolia Petroleum Company, Box 780 


Meetings: Monthly and by call. 
Luncheons: Every Monday at 12:00 noon, Black- 
stone Hotel. 
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TEXAS 
FORT WORTH HOUSTON 
GEOLOGICAL SOCIETY GEOLOGICAL SOCIETY 
FORT WORTH, TEXAS 
President - - - - George S. Buchanan 
President - S. Powell Consulting Geologist, E Buildin 

The "Texas Company, Box 172 Vice-President - losis P. Allison 

Vice-President - - - - Louis H. edits Sun Oil Company, Box 2639 
Snowden and McSweeney Company Secretary- - - - Leslie Bowling 


- - + Vernon Lipscomb 
The Pure Oil Company, Box 2107 


Meetings: Luncheon at noon, Worth Hotel, every 
Monday. Special meetings called by executive com- 
mittee. Visiting geologists are welcome to all 
meetings. 


Union Oil Company of California 
1134 Commercial — 

Treasurer - - Dugald Gordon 
Brokaw, Dixon, and McKee, "Gulf Building 
> ws! meeting held every Thursday at noon (12 

k) above Kelly’s Restaurant, 910 Texas Ave- 
nue. For —  oapecrnsee pertaining to the meetings 
write of call the secretary. 


NORTH TEXAS 
GEOLOGICAL SOCIETY 
WICHITA FALLS, TEXAS 


President - M. Martin 
“Oil Company, Box 1800 


Vice-President- - - - + L. Edwin Patterson 
Cities Service Oil Company 


Secretary-Treasurer - - + R. E. McPhail 
Phillips Petroleum Company 


Luncheons and evening programs will be an- 
nounced. 


SOUTH TEXAS GEOLOGICAL 
SOCIETY 


SAN ANTONIO — CHRISTI 


President - - Fred P. Shayes 

United Gas “Company, Beeville 
- + Gentry Kidd 

Stanolind Oil and Gas Company, San pee Bem 

- - - Robert N. Kolm 

2 Milam Building, San Antonio 
Meetings: Third Friday - each month alternately 
in San Antonio and us Christi, Luncheon 
every Monday noon at Mi ilam Cafeteria, San An- 
tonio, and at Plaza Hotel, Corpus Christi. 


SOUTHWESTERN GEOLOGICAL 
SOCIETY 


AUSTIN, TEXAS 


President - - - -_- H.B. Stenzel 
Bureau of Economic Geology 


Vice-President - - - William A. a 
Univ. Texas, Dept. of Geolo; 


Secretary-Treasurer - - - - Travis Parker 
Univ. Texas, Dept. of Geology 


eetings: E third Friday at 8:00 p.m. at the 
S.' Texas, Geology Building 14. 


WEST TEXAS GEOLOGICAL 
SOCIETY 


MIDLAND, TEXAS 
President - Emery Adams 
Standard Oil “Company of exas, Box 1660 


Vice-President - Dana M. Secor 
Skelly “Oil Company 


Fred F. Kotyza 
Tide Water Associated Oil Company, Box 181 


Meetings will be announced 


WEST VIRGINIA 


THE APPALACHIAN GEOLOGICAL 
SOCIETY 


CHARLESTON, WEST VIRGINIA 
P.O. Box 1435 
President - Lockett 
Ohio Fuel Gas Co., Box 117, Colum us, ‘Ohio 
Vice-President - es Brewer, Jr. 
Godfrey L. Cabot, Inc., , Box 348, tae W.Va, 


Secretary-Treasurer - - - ‘Thurman H. Myers 
Natural Gas Pittsburgh, Pa. 
- Robert C, Lafferty 


Libbey- ‘Owens Gas Department 
Box 1375, Charleston, W.Va. 
Meetings: Second Monday, each month, ex 
= uly, and August, at 6:30 P.M., Kanaw 


THE SOCIETY OF 
EXPLORATION GEOPHYSICISTS 
President - - W. T. Born 


Geophvsical Research Co 
Box 2040, Tulsa, Oklaho 
Vice-President - - - Peacock 
Geophysical Service, “Inc., Texas 
Editor - - R. D. Wyckoff 
Gulf Research and “Development Company 
Pittsburgh, Pennsylvania 
- + + + + Andrew Gilmour 
Amerada Petroleum Corporation 
Box 2040, Tulsa, regen 
Past-President - - - - A. Eckhardt 
Gulf Research and fiesta” Company 
Pittsburgh, Pennsylvania 
J. F. Gallie 


Business Manager wae 
6.1 Box 777, Austin, Texas 
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A complete exposition of the little-understood principles of sedimentation 

Geologists will welcome this book which treats sedimentation from, Nd poe oe ee of environmental 
ps yee that have a major influence on production, transportation, deposition, quent modification 
of sediments, 


PRINCIPLES OF SEDIMENTATION 


By W. H. Twenuor et, Professor of Geology, University of Wisconsin, 610 pages, illustrated. .$6.00 


Fifteen chapters give sources of sediments; the various methods by which sediments are transported 
from sources to site of deposition; the various products which result from operation of sedimentary 
processes; and the various structures which arise as a consequence of deposition. 


May Be Ordered From 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA, OKLAHOMA, U.S.A. 


REVUE DE GEOLOGIE REVIEW OF GEOLOGY 
et des Sciences connexes and Connected Sciences 
RASSEGNA DI GEOLOGIA RUNDSCHAU FUR GEOLOGIE 
e delle Scienze affini und verwandte Wissenschaften 


Abstract heer published monthiy with the cod; ieee of the FONDATION UNIVERSITAIRE DE 

BELGIQUE and under the auspices of the SOCIETE GEOLOGIQUE DE BELGIQUE with the collabora- 

tion of several scientific institutions, geological surveys, and correspondents in all countries of the world. 
GENERAL OFFICE, Revue de Géologie, Institut de Géologie, Université de Liége, Belgium. 
TREASURER, Revue de Géologic, 35, Rue de Armuriers, Liége, Belgium. 


Subscription, Vol. XX (1940), 36 belgas Sample Copy Sent on Request 


The Annoteted An A.A.P.G. Book (1939) 
Bibliography of Economic Geology RECENT 
Vol, Xi, No. | MARINE SEDIMENTS 
Now Ready A symposium of 34 papers by 31 authors 


Edited by PARKER D. TRASK 


U. 8. Gzoroaicat Survey, Wasutnaton, D.C 


PREPARED UNDER THE DIRECTION OF A SUB- 
OF THE COMMITTE 


Orders are now being taken for the 
entire volume at $5.00 or for individual 


numbers at $3.00 each. Volumes I-X can COMMITTEE OF THE COMMITTEE ON 
still be obtained at $5.00 each. GEOLOGY AND GEOGRAPHY OF THE NA- 
COUNCIL, WASHING- 
The number of entries in Vol. XI is This’ book is on_the topic of Sedimentation 
and Environment of Deposition recently Bing of No. 
2,247 1 in geological research of most po to the 
of pe a of ‘the 000 
members and associates, conducted 
Research Committee. Throughout the book, the ‘basic 
Of these, 529 refer to bp etroleum, gas, data—observational facts—are emphasized rather 
etc, and geophysics. They cover the ee ee 
world. ©736 pages, 139 figures 


®@ Bibliographies of 1,000 titles; 72 pages of au- 
If you wish future numbers sent you thor, citation, and subject index 
a ° ae @Bound in blue cloth; gold stamped; paper 
promptly, kindly give us a continuing jacket; 6x9 inches 
order, PRICE: $5.00, POSTPAID 
($4.00 to A.A.P.G. members and associate 
members, libraries, and colleges) 


THE AMERICAN ASSOCIATION OF 


PETROLEUM GEOLOGISTS 
Box 979, Tulsa, Oklahoma, U.S.A. 


An Index of the 10 volumes was issued in 
May, 1939. Price: $5.00 


Economic Geology Publishing Co. 
Urbana, Illinois, U.S.A. 
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FIRST IN OIL 
1895 — 1940 


THE 
(=)) FIRST NATIONAL BANK AND TRUST COMPANY 
OF TULSA 


THE GEOTECHNICAL CORPORATION 


Roland F. Beers 
President 


1702 Tower Petroleum Building 
Telephone LD 711 Dallas, Texas 


Geology of North America 


Edited by Prof. Dr. Rudolf Ruedemann and Prof. Dr. Robert Balk 
Volume I (In English) Introductory Chapters, and Geology of the Stable Areas 


Table of Contents: 
The Physiography of North America, by J HARLEN Bretz 
General Geology of North America, by RupotrF RUEDEMANN 


The Greater Structural Features of North America: The Geosynclines, Borderlands, 
and Geanticlines, by CHARLES SCHUCHERT 


General Paleogeography of North America, by RupoLF RUEDEMANN 

Climates of the Past in North America, by RupoLtF RuEDEMANN 

Geology of Greenland, by Curt TEICHERT 

Geology of the Arctic Archipelago and the Interior Plains of Canada, by E. M. K1np.e 
The Canadian Shield, by Mortey E. WiLson 

The Appalachian Plateau and Mississippi Valley, by CHARLES Butts 

Geology of the Southern Central Lowlands and Ouachita Province, by PAuL RUEDEMANN 


The Atlantic and Gulf Coastal Plain, by L. W. STEpHENsoN, C. W. Cooke, and JULIA 
GARDNER 


Canadian Extension of the Interior Basin of the United States, by T. H. CLarx, G. M. 
Kay, E. R. Cumrnes, A. S. WaRrTHIN, Jr., and G. S. HuME 


With 14 Plates and 53 Text Figures (X and 643 Pages) 1939 
Price, bound, RM 16.— 
Published by 
Gebriider Borntraeger in Berlin (Germany) 
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PRACTICAL PETROLEUM 
ENGINEERS’ HANDBOOK 


BY JOSEPH ZABA, E.M.M.Sc. 
Petroleum Engineer, Rio Bravo Oil Company 


and 


W. T. DOHERTY 
Division Superintendent, Humble Oil & Refining Company 


For a number of years there has been a growing demand for a handbook containing formulae 


_and other practical information for the benefit of the man working in the production and drilling 


branches of the oil industry. So great has been this need that many engineers have tried to ac- 
cumulate their own handbooks by clipping tables, formulae and figures from scores of sources. 


The co-authors of this volume discovered by coincidence that each had been for a period 
of several years accumulating practical data which through their collaboration appears in this 
book. Both of them are men who have not only received theoretical training but who have had 
many years of practical experience as engineers in dealing with every day oil field drilling and 
production problems. 


As a result of this collaboration of effort the publishers of this volume feel that it is a most 
valuable contribution to oil trade literature. 


Its purposes are distinctly practical. The tables, formulae, and figures shown are practical 
rather than theoretical in nature. It should save the time of many a busy operator, engineer, 
superintendent, and foreman. 


TABLE OF CONTENTS 


Chapter |—General Engineering Data Chapter V—Drilling 
Chapter 1|—Steam Chapter VI—Production 
Chapter !!|—Power Transmission Chapter Vil—Transportation 


Chapter 1V—Tubular Goods 
Semi-Flexible Fabrikoid Binding, Size 6 x 9, 408 pages—Price $5.00 Postpaid 


Send check to 


THE GULF PUBLISHING COMPANY 
P. O. Drawer 2811 Houston, Texas 
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LANE-WELLS Electrolog 


— The most candid 


Getting a true picture of formations 
drilled is an important factor in deter- 
mining p thods. This pic- 
ture may, to a large degree, affect the 
well's ultimate production. Lane-Wells 
Electrolog gives you the most accu- 
rate, easily interpreted records of bore 
hole formations for better correlation 
and analysis. Electrolog's ‘Multicurve" 
automatic recording eliminates the ‘'hu- 
man element" to assure accuracy of 
definition. Electrolog's modern equip- 
ment enables the crew to get on and 
off the rig quickly and save costly ‘well 
time." 

Wherever Lane-Wells Units 
are at work, tors agree did 
“Electrolog ‘gets the best y 


EVERYWHERE 


LANE-WELLS 


GUN PERFORATING ® PACKERS 


ELECTRICAL OPEN HOLE 
LINER HANGERS ® BRIDGING PLUGS 


LOGGING ® OIL WELL SURVEYING 


GULF COAST OIL FIELDS 


FIFTY-TWO AUTHORS 


Forty-Four Papers Reprinted from the Bulletin of The American Association of 
Petroleum Geologists with a Foreword by Donald C. Barton 


EDITED BY 
DONALD C. BARTON 
Humble Oil and Refining Company 
AND 
GEORGE SAWTELLE 
Kirby Petroleum Company 


THE INFORMATION IN THIS BOOK IS A GUIDE FOR FUTURE DISCOVERY 


® 1,084 pages, 292 line drawings, 19 half-tone plates 
®@ Bound in blue cloth; gold stamped; paper jacket; 6x9 inches 


PRICE: $4.00, EXPRESS OR POSTAGE FREE 
($3.00 to A.A.P.G. members and associate members) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA, OKLAHOMA, U.S.A. 


GEOPHYSICAL SERVICE? 


R E $ E A R C H 2 WESTERN GEOPHYSICAL COMPANY maintains the most mod- 
ernly-equipped and complete geophysical research labora- 


tory of its kind in the world, employing 42 trained technicians. 


E Q U I P M E N T ? WESTERN designs and manufactures in its own shops all types 


of geophysical instruments and equipment, including both 


large and small drilling units, used by its field crews. 


E X P E R | E N ¢C E ? : WESTERN draws from the combined wielatinne of twenty ac- 
tive field crews, engaged in geophysical exploration in diverse 


localities, who are solving all types of geophysical problems. 


A C Me ] EVE M E NT ? WESTERN is proud of the many oil fields which it has dis- 


covered for its clients in both California and Mid-Continent 
areas. It feels, however, that credit for these discoveries 
should be given to the excellent geological staffs of its clients 
under whose direction the various crews operated. It claims 
sole credit, however, for the accuracy of its results which ore 


attested by every one of its clients without exception. 


} ; Because WESTERN GEOPHYSICAL COMPANY has complete 
research facilities... equipment...experience...personnel... 
and has an outstanding record for successful results, it meets 
every requirement of operators desiring a complete and highly 
advanced geophysical service. y¢ Trained and experienced 
field crews are available for geophysical prospecting any- 


where in the United States or abroad. Your inquiries invited. 


WESTERN GEOPHYSICAL COMPANY 


HENRY SALVATORI, PRESIDENT 

MAIN OFFICE; EDISON BLDG., LOS ANGELES, CALIF. 

MID-CONTINENT OFFICE; PHILCADE BLDG., TULSA, OKLA. 
CABLE ADDRESS “WESGECO” 
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DRILLING DELAYS 
AND DIFFICULTIES 
SHOULD BE CHARGED 
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DRILLING EXPENSE 


BECAUSE— 
Stuck pipe, which is one of the most commonly encountered troubles, ; ; 
is usually caused by improper mud. The reasons for stuck pipe 
wh properly specific 
DIVISION 
One expensive fishing job (which might be eliminated by suitable y 
mud) may be much more costly than the slightly higher cost of using WV : Lose 
the proper mud on a great number of wells with complete safety. andl - ~ Co. 
Muds of slightly increased weight and suitable colloidal content pro- 


vide protection against these troubles at minimum cost. 
The best way to insure your wells against troubles is to use Baroid | 


Products and Service. 


What are best modern methods 
of petroleum recovery? 


Here is a thorough-going description and analysis of the most recently developed 
methods and devices for promoting production efficiency in the oil industry,—from 
completion of wells to transportation of the products to market. 


Petroleum Production Engineering 
OIL FIELD EXPLOITATION 


By Lester C. UREN 
University of California 
New Second Edition. 741 pages, illustrated, $6.00 


Not too technical in style, this book brings to all interested in the petroleum-producing industry 
best methods of draining petroleum from its reservoir rocks, bringing it to the surface and pre- 
paring it for shipment, caring for and removing impurities from the crude petroleum; and 
designing, constructing and operating pipe lines at maximum efficiency. 


May be ordered from 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA, OKLAHOMA, U.S.A. 
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SCHLUMBERGER WELL SURVEYING CORPORA 


TION - HOUSTON, TE + 
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TRIANGLE BLUE PRINT & SUPPLY COMPANY 


Representing Complete Reproduction Plant 


W. & L. E. Gurley : 
Spencer Lens American Paulin Instruments Repaired 


12 West Fourth Street, Tulsa, Oklahoma 


TECTONIC MAP OF SOUTHERN CALIFORNIA 
By R. D. J. S. 


In 10 colors. From “Structural Evolution of Southern California,” BULL. A.A.P.G. (Dec., 1936). 
Scale, % inch = 1 mile. Map and 4 structure sections on strong ledger paper, 27 x 31 inches, rolled in 
tube, postpaid, $0.50. 


The American Association of Petroleum Geologists, Box 979, Tulsa, Oklahoma 


[UF KIN 


“MICHIGAN” BABBITT TAPES 


Ideal for heavy duty, the line being 

prominently marked and_ tough, 

the reel also extra sturdy. We of- 

fer also Gaging, Strapping and 

“Derrick” Tapes in Chrome 

Face as well as ““Nubian” Finish. 
Write for Free Catalog 


THE [UFHIN £0. 


SAGINAW, MICHIGAN New York City 


PETROLEUM PRODUCTION 
By Wilbur F. Cloud 
COMPLETE and UP-TO-DATE 


3rd Large Printing 


“To be commended as a general approach and contribution to the current needs of stu- 
dents, petroleum engineers, and operators in the oil and gas-producing industry.”— 
H. H. Power in Bulletin of the American Association of Petroleum Geologists. 


“Large portions are of popular interest and should appeal to the lease-and royalty-owning 
layman.” —Dallas Morning News. 


615 pages, tables, bibliography, 280 illustrations 


$5.00 


May Be Ordered From 
THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA, OKLAHOMA, U.S.A. 
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1935 


1936 


1936 


1936 


1937 


1938 


1939 


Prices postpaid. Write for discount to colleges and public libraries. 


SPECIAL PUBLICATIONS 


THE AMERICAN ASSOCIATION 
OF PETROLEUM GEOLOGISTS 
Box 979, Tulsa, Oklahoma 


Geology of Natural Gas. Symposium on occurrence and geology of 
natural gas in North America. By many authors. 1,227 pp., 250 illus. 
6 x 9 inches. Cloth. To members and associates, $4.50 ..........-.++- 


Geology of the Tampico Region, Mexico. By John M. Muir. 280 pp., 
15 half-tone plates, 41 line drawings, 9 tables. 6 x 9 inches. Cloth. To 


Gulf Coast Oil Fields. Symposium on Gulf Coast Cenozoic. By 52 
authors, Chiefly papers reprinted from the Association Bulletin of 1933- 
1936 gathered into one book. xxii and 1,070 pp., 292 figs., 19 half-tone 
pls. 6 x 9 inches. Cloth. To members and associates, $3.00 ............ 


Areal and Tectonic Map of Southern California. By R. D. Reed and J.S. 
Hollister. In 10 colors. From “Structural Evolution of Southern Cali- 
fornia,” December, 1936, Bulletin. Scale, 4% inch:-= 1 mile. Map and 4 
structure sections on strong ledger paper, 27 x 31 inches, rolled in mail- 


Comprehensive Index of 20 volumes of the Bulletin and all special publi- 
cations of the Association (1917-1936). By Daisy Winifred Heath. 
382 pp., 6.75 x 9.5 inches. Paper. To paid up members and associates, 


Miocene Stratigraphy of California. By Robert M. Kleinpell. 450 pp., 
14 line drawings, including a large correlation chart. 22 full-tone plates 
of foraminifera; 18 tables (check lists and a range chart of 15 pages). 
6 x 9 inches. Cloth. To members and associates, $4.50 .............. 


Recent Marine Sediments. Symposium of 34 papers by 31 authors. Col- 
lected by the committee on sedimentation, Division of Geology and 
Geography, National Research Council. 736 pp., 139 figs. 6 x 9 inches. 
Cloth. Tomembers and associates, $4.00 


In Oklahoma, add 2 per cent for sales tax. 
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PRODUCER DRY HOLE 
Amerada No. 26 Foley Texas Co. No. 1 E. J. Kainer 
Fairbanks, Tex. . Igoa, Tex. 


Total 


Total 
Hydrogen Hydrocarbons 


Hydrogen Hydrocarbens 


DEPTH IN THOUSAND FEET 


Geochemical Well Logging will de- 
tect and in most cases predict the 


a F presence of a producing horizon 
“ 7 : while the well is being drilled. Well 
8 < E : cuttings are analyzed for significant 
constituents. The advisability of run- 
6 ning casing may be determined. 
4 = Less coring will be zequired. Fewer 
is F wells will be abandoned without 
adequate test. 


Call in G. S. I—their indisputable 
leadership and experience in seis- 
mograph and geochemical surveys 


Tir? 


is your assurance of a reliable Geo- 


chemical Log accurately inter- 
preted. The cost is surprisingly low. 


GEOPHYSICAL SERVICE INC. 


EUGENE McDERMOTT, President 


Branch Offices: Houston, Texas -Jackson. Miss. 
Los Angeles, Calif. @ Tulsa, Okla. 


SEISMOGRAPH SURVEY 
SOIL SURVEYS 


DALLAS, TEXAS 
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DEEP DRILLING 
DEMANDS A CERTAINTY OF CORE 


4 


depend 


Hughes Tool Co. 


HOUSTON, TEXAS T be 
Core Bit! 
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